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SUIVMARY 


The  Information  International  GRAFIX  I  optical  character 
recognition  (OCR)  system  was  tested  to  determine  its  ability 
to  read  pages  from  a  Russian  technical  journal  and 
accurately  capture  their  content  in  digital  form. 

The  capability  to  rapidly  capture  Russian  journal  articles 
in  digital  form  is  required  by  the  U.S.  Air  Force's  Foreign 
Technology  Division  as  part  of  their  technical  translation 
project  using  the  SYSTRAN  automated  translating  system.  The 
SYSTRAN  program  translates  the  journal  articles  from  Russian 
to  English,  but  only  after  the  information  has  been  first 
converted  from  printed  to  digital  form.  This  is  currently 
done  manually  by  specially  trained  typists,  who  copy  the 
articles  at  computer  terminals  on  a  character-by-character 
basis.  GRAFIX  I  was  tested  to  determine  if  it  could  do  the 
same  job  faster  and  more  economically  than  the  typists. 
(See  chapter  1.) 

The  test  was  particularly  challenging  because  of  certain 
characteristics  of  the  journal  articles  themselves  which 
tended  to  impede  the  success  of  OCR.  Most  OCR  systems,  for 
instance,  are  incapable  of  reading  the  Cyrillic  alphabet  or 
proportionately  spaced  material  at  all.  The  Russian 
journals  combine  proportionately  spaced  Cyrillic  text  with 
poor  quality  paper,  mathematical  formulas,  and  a  variety  of 
poor  printing  practices  which  together  present  a  major 
challenge  even  for  a  very  sophisticated  OCR  system  like 
GRAFIX  I  (see  chapter  2.)  GRAFIX  I  was  selected  for  the  test 
because  of  its  proven  ability  to  read-  proportionately  spaced 
material,  Cyrillic  print,  and  poor  quality  printing.  (See 
appendix  E, ) 


i 


Twenty-seven,  actual  Russian  journal  pages  were  put  through 
the„  QCR  ^process  ...at  Information  International's  GRAFIX  1 
•facility,  in  ‘Culver  City,  CA.  The  first  step  was  to 
.rnfcrof'Hm  t-W  Pipage  s .  GRAFIX  I  uses  microfilm  as  the  input 
medium '.tp’avoi-d.paper-handl  i ng  problems  which  arise  from 
torn  ,  edges,'  "creas'Ss,  and  the  varying  sizes  and  weights  of 
the  papers  used  in  „the  documents.  The  next  step  was  the 
factual  "reading  of  the  film  by  GRAFIX  I.  This  and  subsequent 
steps  were  performed  under  the  direct  supervision  of 
representatives  from  FTD  and  RADC.  After  the  OCR  step  was 
completed,  .  a  "reject  conversion"  operator  examined  and 
identified  the  small  proportion  of  scanned  images  which  the 
computer  had  been  unable  to  recognize.  The  final  step 
consisted  of  reformatting  the  output  file  to  make  it 
compatible  with  FTD's  SYSTRAN  computer  program.  Tapes  and 
lineprinter  listings  of  the  output  at  various  stages  of 
processing  were  provided  to  the  FTD  representatives  at  the 
time  of  the  demonstration  (see  chapter  3). 

The  results  of  the  test  indicate  that  a  GRAFIX  I  production 
system  designed  for  reading  Russian  journals  of  the  quality 
tested  could  be  expected  to  fully  capture  from  1000  to  1500 
journal  pages  during  each  eight-hour  shift.  Such  a  system 
would  identify  about  95%  of  the  Cyrillic  characters,  and 
would  automatically  route  the  remaining  5%  to  a  reject 
conversion  operator  for  manual  identification.  The  test 
results  indicate  that  the  system  would  misidentify  only  a 
fraction  of  one  percent  of  the  characters  read.  Finally, 
such  a  system  would  reliably  identify  and  preserve  imbedded 
mathematical  formulas  and  other  special  blocks  of  material 
for  subsequent  reinsertion  into  the  translated  text.  (See 
chapters  4  and  5.) 

To  determine  the  exact  performance  parameters  of  GRAFIX  I  in 
a  production  system  it  would  be  necessary  to  conduct  a 
further  study  in  which  the  GRAFIX  I  reads  a  statistically 
valid  random  sample  of  the  actual  material  which  FTD  plans 
to  process.  Such  an  assessment  was  beyond  the  scope  of  the 
present  study,  but  is  regarded  as  the  logical  next  step  in 
evaluating  the  GRAFIX  I  as  a  practical  alternative  to  FTD's 
typists  (see  chapter  5). 

In  addition  to  the  above,  the  report  includes  five 
appendices  containing  a  description  of  the  demonstration, 
facsimiles  of  the.  journal  pages  read  for  the  test,  the 
output  tape  specifications,  the  font  encoding  scheme,  and  a 
general  discussion  of  GRAFIX  I’s  capabilities  and  history. 
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EVALUATION 


The  objective  of  this  effort  was  to  test  the  feasibility  of 
Graphix  I  on  scanning  Cyrillic  Text.  This  test  involved  the 
scanning  of  27  pages  of  the  Russian  text  DOKLADY  AKADEMII 
NAUK  SSSR  No  3,  1976  supplied  by  Foreign  Technology  Division. 
The  resultant  study  demonstrated  that  the  scanning  of  Cyrillic 
text  is  feasible,  although  there  should  be  improvements  made 
in  the  areas  of  error  rate  and  system  throughput  rate.  These 
areas  are  limited  due  to  the  recognition  software  and  the 
difficulties  inherent  in  the  Cyrillic  font.  A  production 
system  would  require  significant  enhancements  to  handle  a 
wide  variety  of  documents  and  fonts  in  order  to  be  cost- 
effective. 

O.  . 

JOHN  A.  GUILLEN,  2LT,  USAF 
Project  Engineer 


CHAPTER  1 
INTRODUCTION 


The  Foreign  Technology  Division  (FTD)  of  he  U.S.  Air  Force 
is  engaged  in  the  translation  of  Russian  technical  journal 
articles,  printed  in  Cyrillic  characters,  to  a  form 
accessable  to  analysts.  Currently  the  FTD  uses  specially 
trained  typists  to  key  the  Russian  text  directly  into 
machine-readable  computer  files,  after  which  the  files  are 
processed  by  a  powerful  machine  .  nslation  system  which 
converts  the  Russian  text  to  its  Ei.  a  equivalent. 

FTD  has  discovered  that  manual  keying  cf  Cyrillic  text  is  a 
slow  and  costly  process  which  proceeds  at  a  rate  of  only  a 
few  journal  pages  per  typist  per  hour.  Since  FTD 
anticipates  a  substantial  increase  in  its  translation  work 
load  within  the  next  few  years,  it  is  interested  in  finding 
a  faster  and  more  economical  method  of  capturing  Russian 
text  in  digital  form. 

The  present  study  is  an  evaluation  of  Information 
International's  GRAFIX  I  optical  character  recognition 
system  in  terms  of  its  ability  to  read  material  from  Russian 
technical  journals.  Actual  printed  journal  pages  were  used 
in  this  test  rather  than  monospace  typed  Cyrillic  text  as 
has  been  the  case  in  some  previous  studies. 

The  GRAFIX  I  system  was  chosen  for  evaluation  because  of  its 
proven  ability  to  economically  read  large  volumes  of  text  in 
which  the  layout  is  too  complex  and  the  print  quality  too 
poor  to  be  successfully  captured  by  most  other  OCR  systems. 
The  GRAFIX  I  system  has  been  used  in  commercial  applications 
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material  written  in  Cyrillic,  Greek  and  other  special 
characters.  The  system's  flexibility  when  confronted  by 
complex  formats,  proportionally  spaced  print,  partial  lines, 
closely  leaded  lines,  and  overlapping  characters  makes  it  a 
natural  alternative  to  manual  keying  of  the  Russian 
journals. 
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CHAPTER  2 

OPTICAL  CHARACTER  RECOGNITION  OF  RUSSIAN  JOURNALS 


2 . 1  OCR  Problems  Associated  with  Russian  Text 

Automated  optical  character  recognition  of  Russian  technical 
articles  is  a  project  which  requires  special  abilities  on 
the  part  of  an  OCR  system  due  to  the  unusual  material  to  be 
read.  The  Cyrillic  alphabet  and  Soviet  printing  practices 
both  exaggerate  familiar  character  recognition  difficulties 
and  present  new  problems  not  encountered  in  other  OCR 
applications.  These  problems  fall  into  four  categories: 
those  concerned  with  the  Cyrillic  alphabet  itself,  those 
involving  the  typefaces  used  in  the  journals,  those  related 
to  poor  printing,  and  those  which  result  from  the  poor 
condition  of  the  paper. 

2.1.1  UNIFORMITY  OF  THE  CYRILLIC  ALPHABET 

An  area  of  special  difficulty  in  OCR  processing  of  Russian 
text  is  the  striking  degree  of  similarity  among  many 
Cyrillic  characters.  The  frequency  of  letters  containing 
one,  two  or  three  vertical  columns  as  major  structural 
elements  is  an  example.  In  addition  there  is  a  tendency  for 
letters  to  be  formed  through  minor  elaborations  of  other 
letters.  In  the-  Roman  alphabet  this  problem  occurs 
relatively  rarely,  involving  letter  pairs  such  as  "c"  and 
"e" ,  "0"  and  "Q",  or  "n"  and  "m".  In  the  Cyrillic  alphabet, 
however,  similar  letters  are  virtually  the  rule. 

Figure  2-1  illustrates  this  point.  In  this  figure  the  upper 
line  of  type  is  a  segment  of  text  from  an  actual  Russian 
journal.  The  larger  characters  shown  below  are  GRAFIX  I 
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FIGURE  2-1 

A  line  of  Russian  text  shown  with  five  actual  scanner  images 
of  characters  within  the  line.  Note  the  characteristic 
uniformity  of  the  letters. 
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scanner  images  of  five  of  the  characters  in  the  preceding 
line.  The  dominant  pattern  of  vertical  columns 
differentiated  by  indistinct  embellishments  is  readily 
apparent.  Clearly  this  forces  the  OCR  process  to 
concentrate  on  minor  differences  between  characters,  and 
impedes  the  rapid  elimination  of  characters  from  the  set  of 
possible  correct  identifications. 

In  lower  case  Roman  letters,  identification  of  an  image  is 
made  easier  by  the  many  letters  which  extend  either  above  or 
below  the  general  line  of  print,  and  by  the  fact  that  in 
proportionately  spaced  type  the  letters  occupy  differing 
widths  as  well.  Simply  knowing  the  height  and  width  of  a 
letter  cuts  down  the  field  of  possible  identifications.  In 
Cyrillic,  on  the  other  hand,  lower  case  characters  tend  to 
be  smaller  duplicates  of  upper  case  characters,  and  are 
extremely  uniform  with  respect  to  width  and  height. 
Character  dimensions  are  only  rarely  of  assistance  in 
identifying  the  letters. 

2.1.2  PROBLEMS  OF  TYPEFACE  DESIGN 

In  addition  to  the  difficulties  presented  by  the  Cyrillic 
alphabet  itself,  the  typefaces  favored  by  Soviet  editors 
tend  to  be  intrinsically  difficult  to  read  using  OCR. 
Frequently  the  typeface  emphasizes  bold  vertical  columns 
capped  with  wide  serifs.  The  extremely  important  minor 
variations  between  similar  letters  appear  as  narrow, 
hair-like  lines.  From  the  point  of  view  of  the  OCR  scanner, 
this  produces  images  in  which  the  vertical  columns  appear  to 
be  linked  at  the  top  and  bottom  by  serifs  which  almost 
touch.  (Refer  again  to  Figure  2-1.)  At  the  same  time  the 
extremely  thin  horizontal  or  diagonal  details  tend  to  drop 
out  of  the  image,  producing  serious  recognition  problems. 

If  one  were  to  deliberately  design  an  alphabet  and  typeface 
which  would  be  difficult  to  read  by  OCR,  the  result  might  be 
very  similar  to  Russian  Cyrillic  print. 

2.1.3  PROBLEMS  OF  POOR  PRINTING  PRACTICES 

The  difficulty  of  reading  Russian  journal  text  is  compounded 
by  variations  in  printing  quality.  Cyrillic  print  is 
difficult  enough  to  read  without  having  individual 
characters  printed  out  of  line  or  rotated  into  a  tilted 
position.  Such  degradations  are  fairly  common  in  Soviet 
journals.  Other  conmon  flaws  are  the  appearance  of 
hairlines  between  letters  (in  1.2%  of  the  articles),  light 
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or  incomplete  printing  of  a  letter  (in  22%  of  the 
characters) ,  letters  which  touch,  and  lines  which  are  very 
closely  leaded.  Although  one  does  not  normally  expect  to 
encounter  all  of  these  problems  on  the  same  page,  the  OCR 
system  must  be  able  to  deal  with  them  when  they  do  appear. 

2.1.4  POOR  PAPER  QUALITY 

Although  some  journal  articles  appear  oh  high-quality, 
hard-surface,  white,  opaque  paper,  others  are  printed  on 
varying  grades  of  paper  including  some  which  can  only  be 
described  as  yellow,  porous,  and  translucent  (amounting  to 
33%  of  the  material  processed  by  FTD) .  Such  paper  allows 
characters  to  spread  and  smear  as  the  ink  flows  into  the 
paper,  and  minute  bleed- throughs  of  ink  from  the  other  side 
of  the  page  are  common  in  20%  of  the  journal  pages.  These 
combine  with  irregularities  in  the  paper  itself  to  produce 
spurious  images  for  the  OCR  scanner. 

2.2  The  Russian  Journal  Pages  Read  for  this  Study 

FTD  supplied  27  actual  Russian  journal  pages  for  the 
GRAFIX  I  to  read  during  the  demonstration.  These  were  drawn 
from  the  journal  DOKLADY  AKADEMII  NAUK  SSSR,  No.  3,  1976. 

A  table  of  the  pages  used  and  facsimiles  of  the  actual  pages 
are  included  in  appendix  B  of  this  report. 

The  material  supplied  for  the  GRAFIX  I  demonstration 

represents  the  highest  quality  of  Russian  journal  printing 
but  even  so  the  material  includes  lines  printed  at  a  slant 
to  the  margins,  hairlines  between  letters,  and  numerous 
characters  which  appear  to  touch  or  which  are  only  partially 
printed.  The  material  also  included  three  different 
Cyrillic  fonts  as  well  as  Latin,  Greek,  mathematical  and 
other  special  characters  in  unpredictable  sequences.  This 
was  especially  true  of  the  first  few  pages,  which  were  drawn 
from  an  article  on  mathematics.  This  article  contained  many 
small  formulas  imbedded  within  the  text  as  well  as  larger 
formulas  which  occupied  large  segments  of  each  page.  (See 
the  first  few  page  facsimilies  in  appendix  B.) 

In  spite  of  these  features  the  ability  of  GRAFIX  I  to  read 
actual  Russian  journals  was  not  fully  tested  by  these  pages. 
The  DOKLADY  AN  SSSR  is  an  unusually  high  quality  journal, 
free  from  smudging,  broken  type,  yellowed  paper  and  other 
characteristics  of  typical  Russian  journal  printing.  In 
other  applications  GRAFIX  I  has  successfully  read  material 
of  much  lower  quality  than  the  pages  used  in  this  study. 
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CHAPTER  3 


PROCEDURES 


Chapter  3  describes  the  methods  and  materials 
GRAFIX  I  demonstration. 


used 


The  27  Russian  journal  pages  were  photographed  with  a  Kodak 
MRD-2  Planetary  Microfilm  Camera  using  Kodak  Recordak  AHU 
Microfilm  5460,  (a  35mm  film  in  compliance  with  section 
4. 1.1. 2  of  RADC's  Statement  of  Work).  The  images  were 
reduced  in  size  by  a  proportion  of  6.5  to  1.  A  vacuum  easel 
held  tne  journal  pages  flat  during  filming,  and  strips  of 
lithographer's  tape  were  used  on  the  easel  as  a  guide  to 
page  placement.  Filming  proceeded  at  the  rate  of 
approximately  3-4  frames  per  minute.  The  f i lm  was  developed 

The  f-i  lm  was  labeled 


using  a  Kodak  Versamat  processor. 
"AF5''  and  dated  March  16,  1979. 


The  journal  pages  were  filmed  using  two  frames  of  film  per 
page.  Each  frame  contained  the  image  of  either  the  top  or 
bottom  half  of  a  page.  This  procedure  was  followed  to  avoid 
making  software  modifications  in  the  GRAFIX  I  page  finding 
program.  This  approach  would  not  be  used  in  a  production 
system,  for  which  a  suitable  whole-page  finding  program 
would  be  provided.  In  production  the  manual  filming 
procedure  would  incorporate  registration  guides  on  the  easel 
for  rapid  page  alignment.  For  very  large  volumes  of 
material,  manual  filming  could  be  replaced  entirely  by  a 
semi-automatic  camera  system  such  as  the  Terminal  Data 
Corporation  Documate. 
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For  the  test  the  pages  images  were  reduced  by  a  ratio  of  6.5 
to  one,  a  proportion  which  would  accomodate  the  filming  of 
blocks  of  print  up  to  7  1/2"  by  10"  (the  standard  area  of 
print  on  an  8  1/2"  by  11"  page).  Larger  pages  could  be 
accomodated  by  filming  at  a  reduction  ratio  of  8  to  one,  but 
there  would  be  a  penalty  in  terms  of  higher  reject  and 
substitution  rates  during  CX.R. 

3 . 2  Font  Acquisition 

The  three  fonts  read  in  the  GRAFIX  I  demonstration  (in 
compliance  with  section  4. 1.1.1  of  RADC's  Statement  of  Work) 
were  added  to  the  computer's  file  of  image  masks  using  the 
"font  acquisition  procedure."  This  procedure  consists  of 
loading  the  film  of  Russian  journal  pages  into  the  GRAFIX  I 
scanner  and  attempting  to  read  it  with  the  OCR  program. 
Each  rejected  (not  yet  identifiable)  character  is  displayed 
on  the  operator’s  terminal  as  it  is  encountered.  If  the 
image  is  suitable  to  use  as  a  mask,  the  operator  keys  the 
correct  identification  and  stores  the  new  mask  in  a  disk 
file.  After  several  such  masks  have  been  created,  the 
operator  stops  the  OCR  program  and  adds  the  new  masks  to  the 
OCR  mask  file.  On  subsequent  runs,  the  OCR  program  is  able 
to  read  these  characters  and  therefore  selects  only 
characters  for  which  no  masks  have  been  captured. 

The  iterative  nature  of  this  process  greatly  accelerates 
mask  acquisition.  After  gathering  masks  for  al-,1  characters 
in  the  font,  the  mask  file  may  be  edited  using  a  separate 
program  which  displays  each  mask  individually  and  allows  the 
operator  to  adjust  the  alignment  of  the  image  and  to  correct 
inaccurate  identifications. 

The  time  spent  in  acquiring  the  initial  set  of  masks  for  a 
particular  font  was  usually  about  20  minutes.  (There  are 
about  90  masks  in  such  an  initial  set.) 

Since  GRAFIX  I  has  the  ability  to  acquire  font  masks 
directly  from  the  material  being  read,  the  acquisition  of 
new  fonts  does  not  represent  a  significant  source  of  further 
expense  to  the  user. 

3 . 3  Data  Tablet  Operation 

In  a  production  system  the  "Data  Tablet  Descriptor  Entry 
Procedure"  is  used  to  create  digital  files  of  page  layout 
information.  These  files  guide  the  scanner  to  blocks  of 
text  which  are  appropriate  for  optical  character  recognition 
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and  away  from  blocks  which  would  be  inappropriate,  such  as 
graphs,  line  drawings,  mathematical  formulas,  and 
photographs.  Confining  the  scanning  to  blocks  of  text  which 
are  appropriate  to  OCR  avoids  wasting  time  on  parts  of  the 
page  which  do  not  require  reading. 

The  descriptor  files  are  usually  created  using  a  coordinate 
digitizer,  or  data  tablet,  which  allows  an  operator  to  enter 
the  locations  of  text  and  illustrations  by  pointing  to  them 
rather  than  by  measuring  them.  Even  the  layout  of  complex 
tables  can  be  quickly  recorded  in  this  manner,  leaving  the 
details  of  bookkeeping  to  the  computer.  If  desired,  certain 
logical  information  such  as  font  type  or  page  numbers  may  be 
entered  at  the  same  time.  In  production  this  process 
requires  less  than  one  minute  per  page,  even  for  pages  of 
complex  technical  documentation.  Note  that  data  tablet 
operation  is  a  step  performed  on  actual  pages  prior  to,  not 
during,  scanning  by  the  OCR  program. 

The  page  descriptors  used  by  the  present  film  scanning 
program  are  in  a  new  developmental  format  which  is 
inconsistent  with  existing  data  tablet  software.  Since  the 
format  information  needed  for  the  demonstration  was  very 
limited,  the  descriptor  files  were  created  manually  without 
using  the  data  tablet.  Data  tablet  software  compatible  with 
the  new  format  is  under  development  and  would  be  available 
for  a  production  system. 

3 . 4  Text  Reading  and  Optical  Character  Recognition 
3.4.1  FINDING  THE  PAGE 

Conceptually,  the  first  task  of  the  GRAFIX  I  in  reading  a 
given  page  is  to  locate  the  image  of  the  page  on  the  film. 
This  is  accomplished  by  scanning  a  series  of  widely  spaced 
lines  parallel  to  the  edges  of  the  film,  and  then  scanning  a 
second  series  of  lines  perpendicular  to  the  first.  These 
scans  intercept  and  detect  the  edges  of  the  page  image  as 
they  appear  on  the  film.  From  the  points  of  intersection 
between  the  lines  and  the  page  edges  GRAFIX  I  determines  the 
location  and  orientation  of  the  whole  page  within  the  frame. 

Once  the  page  image  has  been  located  within  the  frame, 
GRAFIX  I  uses  the  previously  prepared  page  descriptor  file 
as  a  guidj  to  the  blocks  of  text  on  the  page  which  should  be 
scanned. 
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3.4.2  FINDING  LINES  OF  TEXT 

Once  the  page  descriptor  file  has  directed  the  scanner  to  a 
block  of  text,  the  scanner  begins  to  search  for  the  actual 
lines  of  print  within  the  block.  The  first  step  in  line 
finding  is  to  sweep  the  upper  part  of  the  block  with  scan 
lines  parallel  to  the  upper  edge  of  the  page.  The  ratio  of 
black  to  white  detected  in  each  scan  line  is  then  digitally 
plotted  against  the  location  of  the  scan  line  on  the  page. 
This  produces  a  graph  with  a  .  peak  corresponding  to  the 
location  of  the  first  line  in  the  block.  This  technique  is 
used  to  locate  one  line  at  a  time  as  the  scan  progresses 
down  the  page.  This  technique  automatically  adjusts  to  any 
variations  in  line  spacing  and  arrangement. 

The  next  step  after  locating  a  line  is  to  determine  the 
slope  of  the  line.  Russian  journals  frequently  contain 
lines  which  are  skewed  with  respect  to  the  rest  of  the  page 
due  to  poor  printing  practices.  The  scanning  software  is 
able  to  adjust  to  such  irregularities  automatically  by 
scanning  the  line  in  three  segments  to  determine  the 
location  of  the  character  bases  on  the  left,  right  and 
middle  thirds  of  the  line.  When  this  is  established  the 
slope  of  the  line  is  calculated  and  OCR  is  allowed  to 
proceed. 

3.4.3  FINDING  PRINTED  CHARACTERS 

Character  finding  is  accomplished  by  the  GRAFIX  I  in  a 
manner  uniquely  suitable  to  reading  Russian  journals  and 
other  proportional-space  print.  Most  other  OCR  systems  are 
critically  dependent  on  monospace  print  and  clear 
oeprti-at  ions  between  characters  as  an  aid  in  character 
finding.  GRAFIX  I,  however,  uses  finding  techniques  capable 
of  locating  proportionally  spaced  characters,  and  which  can 
even  separate  characters  which  touch  or  overlap  slightly. 
GRAFIX  I  accomplishes  this  task  through  the  use  of 
techniques  such  as  "river  finding,"  in  which  a  white  gap 
between  two  characters  can  be  identified  even  though  it  may 
not  form  a  clean  vertical  column  perpendicular  to  the  line 
of  type.  Italicized  characters,  for  instance,  overhang  one 
another  and  do  not  leave  neat  columns  of  white  between 
letters.  To  separate  touching  characters  GRAFIX  I  may 
search  for  opposing  "notches"  in  the  upper  and  lower  edges 
of  the  joined  image  as  a  cue  to  the  proper  point  of 
separation. 
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The  distinction  between  systems  which  read  proportionally 
spaced  type  and  those  which  do  not  is  extremely  important. 
Although  a  few  OCR  systems  besides  GRAFIX  I  may  be  capable 
of  identifying  Cyrillic  letters  when  typed  on  a  monospace 
typewriter,  GRAFIX  I  is  the  only  commercial  system  which 
routinely  reads  proportionally  spaced  text  containing 
overlapping  characters  such  as  that  found  in  Russian 
journals. 

3.4.4  IDENTIFYING  PRINTED  CHARACTERS 

Once  a  character  has  been  scanned  and  located,  the  OCR 
program  measures  the  character’s  maximum  width  and  maximum 
height.  The  font  recognition  masks  are  grouped  in  five 
classes  by  height,  ranging  from  the  largest  class  (capital 
letters)  through  five  descending  steps  to  a  class  containing 
very  small  characters  (such  as  punctuation  marks).  Within  a 
height  class  the  masks  are  arranged  in  order  of  increasing 
width.  By  using  the  height  and  width  of  the  unknown 
character  as  a  reference,  the  OCR  program  is  able  to 
imnediately  isolate  a  small  set  of  appropriate  masks  from 
the  universe  of  all  possibilities.  During  the  demonstration 
this  strategem  typically  selected  about  20  possible  masks 
out  of  a  field  of  300  for  each  unknown  character.  The  300 
masks  represent  upper  and  lower  case  characters  in  Latin, 
Cyrillic,  Greek,  Special  Symbols,  and  various  italic  forms 
of  these  alphabets.  (In  other  applications,  GRAFIX  I  has 
demonstrated  the  ability  to  read  printed  material  containing 
as  many  as  27  intermixed  fonts.) 

In  this  demonstration  the  character  recognition  masks  for 
all  three  fonts  were  stored  as  a  single  file,  a  procedure 
which  lowered  the  overall  character  recognition  rate.  In  a 
production  system  software  would  be  used  which  explicitly 
recognizes  fonts  prior  to  recognition  of  the  characters. 
This  would  speed  up  recognition  of  an  unknown  character  by 
eliminating  the  masks  which  belong  to  inappropriate  fonts. 
This  procedure  can  be  implemented  by  programming  the 
GRAFIX  I  to  recognize  differences  between  upright  Cyrillic, 
italic  Cyrillic,  bold  Cyrillic,  and  a  fourth  set 
representing  the  relatively  infrequent  Latin,  Greek  and 
mathematical  symbols.  Such  extensive  software  development 
was  beyond  the  scope  of  the  present  study,  although  similar 
software  has  been  successfully  implemented  on  the  GRAFIX  I 
for  other  applications. 
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When  several  possible  masks  have  been  selected  for  the 
unknown  character,  a  process  of  correlation  is  initiated. 
Masks  are  assigned  scores  based  on  their  similarity  to  the 
unknown  character.  When  the  entire  set  of  possible  masks 
has  been  scored,  the  OCR  program  isolates  the  few  scores 
which  are  high  enough  to  be  plausible  matches.  Of  these, 
the  best  two  are  examined  closely.  Before  determining  that 
the  highest  scoring  mask  represents  the  true  identity  of  the 
unknown,  the  OCR  program  checks  the  scores  against  two 
criteria: 

1.  The  best  mask  must  be  very  similar  to  the 

unknown. 

2.  There  must  be  a  significant  difference  between 

the  score  of  the  best  mask  and  that  of  the  second 

best  mask. 

The  exact  mathematical  thresholds  used  in  these  rejection 
criteria  can  be  adjusted  to  "fine  tune"  the  reject  behavior 
of  the  system.  Typically  the  best  mask  must  be  about  90% 
similar  to  the  unknown  and  its  score  should  be  more  than  5% 
better  than  the  second-best  mask  or  GRAFIX  I  will  reject  the 
character.  These  figures  differ  from  one  application  to 
another  depending  on  the  needs  of  the  user. 

If  the  mask  scores  meet  both  of  these  criteria,  the  unknown 
character  is  assigned  the  identity  of  the  highest-scoring 
mask  and  the  character  code  represented  by  that  mask  is 
placed  in  the  OCR  output  file.  If  the  mask  scores  fail  to 
meet  these  criteria,  the  unknown  character  is  classified  as 
a  reject  and  a  digital  image  of  the  character  is  placed  in 
the  OCR  output  file,  along  with  information  about  why  the 
character  was  rejected  and  what  the  highest-scoring  masks 
were. 

3.4.5  ADDITIONAL  OCR  PROCESSING  OPTIONS 

When  GRAFIX  I  has  finished  reading  a  line  it  performs  one  or 
more  post-processing  steps  on  the  line  as  a  whole.  In  the 
demonstration  the  only  such  step  was  to  discard  lines  which 
had  more  than  25%  rejects.  Such  lines  were  assumed  to 
contain  mathematical  formulas  or  other  unreadable  material. 
When  such  a  line  was  rejected  GRAFIX  I  placed  a  short 
message  in  the  OCR  output  file  to  alert  subsequent  users 
that  the  line  was  missing,  (in  compliance  with  section 
4. 1.1. 2  of  RADC’s  Statement  of  Work).  In  the  demonstration 
the  message  was  $$LN1. 
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In  a  production  system  other  post-processing  steps  could  be 
implemented,  and  a  selection  of  more  sophisticated  page 
format  information  could  be  included  in  the  output  file.  An 
example  of  an  optional  post-processing  step  would  be  to 
search  the  line  for  possible  character  separation  errors. 
The  computer  can  be  programmed  to  identify  suspicious 
rejects  by  their  size  and  location,  such  as  in  the  case  of  a 
large  reject  found. in  the  center  of  a  word.  Such  a  reject 
could  easily  be  a  pair  of  touching  characters  which  had  not 
been  separated  properly  at  first.  An  appropriate  procedure 
would  be  to  reexamine  such  rejects  and  attempt  to  split  them 
into  recognizable  characters  before  outputting  the  rejected 
image.  GRAFIX  I  can  also  be  programmed  to  include 
information  on  fonts,  spacing  between  letters,  size  and 
extent  of  white  areas,  location  of  headings  and  captions, 
and*  sifee  N  and  ,  extent  of  illustrations  as  an  aid  .  in 
recomposing  the  page  following  translation. 

3.5  Reject  Conversion 

Those  characters  which  were  rejected  during  the  OCR  process 
were  manually  identified  in  the  subsequent  reject  conversion 
step.  (This  is  in  compliance  with  section  4. 1.1. 4  of  RADC's 
Statement  of  Work).  In  this  part  of  the  demonstration  the 
gray-level  images  of  unrecognized  characters  were  displayed 
to  a  human  operator,  who  recognized  them  and  keyed  their 
identities.  In  order  to  implement  this  process  for  the 
demonstration  it  was  necessary  to  create  a  Cyrillic  font  for 
the  reject  conversion  displays,  (in  compliance  with  section 
4. 1.1. 3  of  RADC's  Statement  of  Work).  This  font  is  shown  in 
Figure  3-1. 

Figure  3-2  illustrates  the  reject  conversion  process.  The 
figure  shows  four  sequential  steps  in  clearing  rejected 
characters  from  a  file  generated  during  the  GRAFIX  I 
demonstration.  The  upper  row  of  letters  in  each  frame  shows 
actual  gray  level  images  of  the  unrecognized  characters  in 
the  context  of  other  characters  which  were  identified  by  the 
OCR  program.  The  second  row  shows  the  same  characters  but 
with  large  empty  squares  below  the  rejected  images.  The 
solid  white  triangle  is  a  "cursor."  The  cursor  shows  the 
operator  which  character  wiil  be  affected  by  the  next 
keystroke. 

In  the  upper  frame  of  Figure  3-2  the  cursor  is  shown  under 
the  leading  II.  The  operator  presses  the  II  key  on  the 
reject  conversion  keyboard  to  enter  the  identity  of  the 
image.  At  the  instant  the  operator  presses  the  appropriate 
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FIGURE  3-1 

The  video  Cyrillic  font  used  to  display  Russian  text 
GRAFIX  I  reject  conversion  terminals. 
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Do  M  K  A  4  £  C  T  B  E  H  HOm  y 
DO  u  K  A  H  E  (J  T  B  E  H  DOM  y 


K  A  H  E  C  t  e  E  H  HOh  y 
K  A  4  E  C  T  B  E  H  DGH  i 


Do  u  K  A  H  E  C  T  B  E  H  HOm  y 
n  0  o  K  A  A  E  C  T  B  E  K  H  DM  y 


Do  u  K  A  M  E  C  T  B  E  H  HOm  y 
n  0  u  K  A  4  E  C  T  B  E  H  H  0  M  y 


] 


j 


I 

I 


FIGURE  3-2 

Four  stages  in  the  conversion  of  rejected  characters  (sec 
text  for  discussion).  These  are  actual  gray  level  images 
from  a  reject  conversion  terminal. 
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K  II  A  C  C  Hi  H  K*  A  U 
t  J1  A  C  C  □*  H  K  A  U  DM 

▲ 


kjiaocH*hkau  Hh 

KJlACCniHKAliDH 

A 


K  J1  A  C  C  Hi  M  K  A  U  Hm 
KJ1ACCDMKAUIDH 

A 


K  J1  A  C  C  Hi  H  K.  A  U  Rm 
K  J1  A  C  C  M  H  K  A  a  □« 

A 


FIGURE  3-3 

Error  correction  at  the  reject  conversion  terminal.  In  this 
sequence  the  reject  operator  keys  an  incorrect 
identification,  then  backspaces  with  a  single  keystroke  and 
corrects  the  error.  See  text  for  rurther  discussion. 
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key  the  symbol  PI  appears  under  the  image  and  the  cursor 
moves  to  a  position  beneath  the  next  rejected  character. 
The  second  unknown,  an  HH,  is  identified  in  the  same  manner 
and  the  cursor  moves  to  the  third  unknown.  When  this  line 
has  been  completely  cleared  of  rejected  characters  the 
cursor  moves  automatically  to  another  line. 

Figure  3-3  shows  a  variation  on  this  process  intended  to 
illustrate  the  flexibility  of  the  reject  conversion 
equipment.  In  this  example  the  operator  identifies  the 
first  unknown  image  as  a  PI.  This  identification  is  in 
error,  since  the  character  is  actually  NN.  To  correct  the 
mistake,  the  operator  presses  a  special  backspace  key  and 
returns  the  cursor  to  its  previous  position  (using  only  one 
keystroke) .  At  this  point  the  operator  keys  in  the  correct 
identification  and  goes  on  to  the  next  reject  image. 

Note  that  the  rejected  characters  shown  in  Figures  3-2  and 
3-3  were  typical  of  those  which  were  difficult  for  GRAFIX  I 
to  identify.  The  PI  and  NN  in  Figure  3-2  are  especially 
characteristic.  These  characters  frequently  appeared  as 
shown  here  with  their  upper  and  lower  serifs  overlapping. 
This  gave  each  character  a  very  high  degree  of  similarity  to 
both  the  PI  and  NN  masks,  preventing  the  OCR  program  from 
identifying  them  (see  section  3.4.4,  above.) 

The  result  of  the  reject  conversion  process  is  the  creation 
of  OCR  output  files  which  have  been  rewritten  with  character 
codes  in  place  of  the  reject  gray  level  images.  The 
rewritten  files  were  then  ready  for  final  formatting  and 
tape  output. 

3.6  Tape  Format 

FTD  requested  a  special  set  of  file  conventions  in  the  final 
output  tape  in  order  to  make  the  data  intelligible  to  the 
SYSTRAN  machine  translation  program,  (in  section  4. 1.1. 5  of 
RADC's  Statement  of  Work).  The  final  output  tapes  provided 
to  FTD  were  written  to  these  specifications.  The  memo 
containing  the  tape  format  instructions  has  been  included  in 
this  report  as  appendix  C. 
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4.1  Page  and  Line  Finding 

Of  the  1029  lines  of  text  contained  in  the  27  Russian 
journal  pages  supplied  by  FTD: 

Frames  2  and  48  of  the  film  were  omitted  due  to  correctable 
errors  in  page  finding.  These  frames  contained  34  lines 
(3.3%  of  the  total) . 

44  lines  (4.3%)  were  not  captured  due  to  correctable 
problems  in  line  finding.  These  lines  were  located  in 
frames  4,  12  and  34. 

40  lines  and  4  half-lines  (4,1%)  were  omitted  from  the  test 
due  to  human  error  in  writing  the  page  descriptor  files. 

27  lines  (2.6%)  were  portions  of  article  titles  and  figure 
captions  written  in  a  font  which  GRAFIX  I  was  not  expected 
to  capture.  GRAFIX  I  correctly  identified  each  of  these 
lines  and  wrote  the  code  "$$LNlrt  in  place  of  each  line  in 
the  output  file. 

24  lines  (2.3%)  contained  mathematical  formulas  or  other 
special  symbols  which  GRAFIX  I  was  not  expected  to  capture. 
GRAFIX  I  correctly  identified  these  lines  and  wrote  the  code 
"$$LN1"  in  place  of  each  line  in  the  output  file. 

11  lines  (1.1%)  were  not  read  due  to  intrinsic  problems  with 
the  material.  GRAFIX  I  rejected  these  lines  and  entered  the 
”$SLN1"  code  in  place  of  each  line  in  the  output  file.  This 
cacsgory  most  closely  reflects  the  spurious  line-rejection 
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rate  of  a  production  system. 

4 . 2  Reject  Rates 

A  reject  is  a  character  which  the  OCR  program  encountered 
and  could  not  reliably  identify.  The  rejects  which  oecured 
in  the  test  material  can  be  divided  into  six  categories, 
which  are  described  below  (see  Table  4-1).  It  is  expected 
that  in  the  development  of  a  production  system,  procedures 
would  be  found  to  avoid  most  of  the  rejects  falling  into  the 
first  five  categories. 

The  reject  categories  were: 


1.  BAD  LINE  SCANS.  Some  lines  in  the  test  were 
mistakenly  scanned  at  an  angle  to  the  line  of  print 
producing  partial  character  images  which  were 
rejected. 

2.  DIVIDED  CHARACTERS.  The  OCR  program  sometimes 
encountered  poorly  printed  characters  which 
appeared  to  consist  of  two  images.  Such  characters 
were  output  as  a  pair  of  rejects.  The  figures 
reported  here  reflect  the  number  of  characters 
which  were  divided,  not  the  number  of  reject  images 
produced. 

3.  SPURIOUS  REJECTS.  This  category  represents 
rejected  images  which  consisted  of  small  "shavings” 
from  adjacent  letters,  such  as  detached  ends  of 
serifs.  These  images  were  counted  as  rejects  but 
did  not  represent  unidentified  characters. 

4.  MERGED  LETTERS.  Occasionally  the  OCR  program 
failed  to  separate  two  touching  characters,  and  was 
unable  to  identify  the  resulting  image. 

5.  NO  APPROPRIATE  MASK.  During  the  test  the  OCR 
program  encountered  images  for  which  it  had  no 
appropriate  masks.  These  were  output  as  rejects. 

6.  AMBIGUOUS  CHARACTERS.  This  category  contains 
look-alike  characters,  such  as  II,  H,  and  H. 
These  rejects  would  be  the  most  difficult  to  reduce 
in  a  production  system. 
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TABLE  4-1 

CHARACTERS  REJECTED  OUT  OF  44,504  READ 


REJECT  CATEGORY 

CHARACTERS 

REJECTED 

PERCENT  OF 

TOTAL  CHARACTERS 

Bad  Line  Scans 

210 

0.5% 

Divided  Characters 

170 

0.4% 

Spurious  Rejects 

420 

0.9% 

Merged  Characters 

800 

1.8% 

No  Appropriate  Mask 

770 

1.7% 

♦Ambiguous  Characters 

2220 

5.0% 

*  Most  nearly  reflects  the  reject  rate  of  a  production 
system  on  the  material  used  in  the  test. 
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4.3  Substitution  Rates 

A  "substitution”  is  a  character  which  which  is  incorrectly 
identified  by  GRAFIX  I.  Substitutions  fell  into  three 
categories,  only  one  of  which  (ambiguous  characters)  would 
contribute  significantly  to  substitutions  in  a  production 
system.  See  Table  4-2. 

The  three  categories  of  substitutions  were: 


1.  NO  APPROPRIATE  MASK.  In  some  cases  when  confronted 
by  a  character  for  which  it  had  no  mask,  GRAFIX  I 
mi s ident i f ied  the  unknown  by  matching  it  with  a 
generally  similar  mask. 

2.  DIVIDED  CHARACTERS.  Occasionally  GRAFIX  I  would 
split  a  character  into  two  images,  mistakenly 
identify  one  fragment  and  reject  the  other.  In  the 
case  of  a  split  "m,"  for  instance,  the  computer 
might  identify  the  first  half  of  the  image  as  an 
"n,"  and  then  reject  the  remaining  fragment  as 
unrecognizable. 

3.  AMBIGUOUS  CHARACTERS.  Certain  letters,  such  as  II 
and  H,  are  so  similar  in  appearance  that 
variations  in  print  quality  can  cause  one  to  look 
like  another. 
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TABLE  4-2 

CHARACTERS  INCORRECTLY  IDENTIFIED  OUT  OF  44,504  READ 


SUBSTITUTION  CATEGORY 

CHARACTERS 

PERCENT  OF 

SUBSTITUTED 

TOTAL  CHARACTERS 

No  Appropriate  Mask 

60 

0.13% 

Divided  Character 

51 

0.11% 

♦Ambiguous  Characters 

82 

0.18% 

*  Most  nearly  reflects  the  reject  rate  of  a  production 
system  on  the  material  used  in  the  test. 
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4 . 4  Throughput  Rates 

There  are  two  throughput  rates  of  interest,  the 
instantaneous  recognition  rate  and  the  total  system 
throughput . 

The  instantaneous  recognition  rate  is  the  speed  at  which  the 
CXISt  program  recognizes  an  individual  letter.  When  reading 
the  Russian  journal  pages  supplied  by  FTD  the  GRAFIX  I's 
instantaneous  recognition  rate  is  65.0  characters  per 
second.  (This  rate  was  measured  subsequent  to  the 
demonstration. ) 

The  total  system  throughput  is  the  rate  of  conversion  taking 
into  account  the  time  spent  on  film  positioning,  page 
finding,  line  finding,  character  finding,  character 
recognition,  file  writing,  reject  conversion,  and  tape 
writing.  The  GRAFIX  I's  total  system  throughput  for  this 
demonstration  was  approximately  30  characters  per  second. 

Total  system  throughput  is  a  practical  figure  which  can  be 
converted  to  a  realistic  estimate  of  system  productivity  as 
foil ows : 


Throughput  (chars/sec)  *  28,800  sec/shift  = 

Daily  Rate  (chars/day) 

Using  this  formula,  GRAFIX  I  demonstrated  a  daily  throughput 
of  864,000  characters  per  8-hour  shift.  This  is  the 
equivalent  of  approximately  500  Russian  journal  pages  such 
as  those  read  for  this  test. 
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Information  International's  GRAFIX  I  optical  character 
recognition  system  successfully  read  27  actual  Russian 
journal  pages  and  converted  them  into  digital  files  suitable 
for  processing  by  FTD'S  SYSTRAN  translation  program-  This 
section  presents  a  detailed  discussion  of  the  results  of  the 
test  and  some  observations  regarding  further  research. 

5 . 1  Discussion  of  Page  and  Line  Finding 

In  general  the  page  and  line  finding  software  performed 
quite  reliably.  Several  minor  problems  were  encountered 
during  the  test,  but  these  were  felt  to  be  artifacts  of  the 
demonstration  itself.  The  various  software  packages  used  in 
the  test  were  not  exactly  appropriate  for  reading  Cyrillic 
journals,  having  originally  been  developed  for  other 
applications.  This  produced  several  annoying  but  minor 
difficulties,  none  of  which  would  be  present  in  a  production 
system. 

As  an  example,  consider  the  44  lines  which  were  not  read  due 
to  line  finding  problems.  The  line  finding  software  used  in 
the  demonstration  was  adapted  from  a  production  system  which 
reads  narrow  columns  of  text  from  catalogs.  These  columns 
frequently  contain  skewed  lines  of  type.  The  program 
accomodates  narrow,  skewed  lines  by  searching  for  each  end 
of  the  line  in  order  to  establish  the  line’s  slope.  It  then 
makes  its  first  pass  at  the  following  line  by  presuming  it 
to  be  parallel  to  the  first. 
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When  applied  to  the  long,  closely-spaced  lines  of  Russian 
journal  text,  however,  the  line  finding  program  occasionaly 
failed.  In  three  cases  (0.03%  of  all  lines)  the  program 
found  the  beginning  of  one  line  and  mistakenly  matched  it 
with  the  end  of  the  next  line.  This  led  it  into  a  chain  of 
systematic  errors  which  produced  repeated  tilted  line  scans 
until  the  end  of  the  frame  was  reached.  Software  written 
specifically  for  Russian  journal  pages  would  not  be  subject 
to  this  kind  of  problem. 

Similar  difficulties  account  for  the  two  frames  of  the  film 
which  were  skipped  by  the  page  finding  program  and  the  42 
lines  which  were  not  read  due  to  human  error  in  making  up 
the  page  descriptor  files.  Neither  problem  occurs  in 
GRAFIX  I  production  systems,  and  neither  appeared  to  be 
related  to  any  special  feature  of  the  Russian  text. 
Therefore,  these  problems  are  not  expected  to  occur  in  a 
production  system  when  reading  material  similar  to  that  used 
in  the  test. 

In  summary,  although  the  slight  mismatch  between  software 
and  application  proved  to  be  a  nuisance,  no  substantial  page 
finding  or  line  finding  problems  relating  to  the  nature  of 
the  test  material  were  encountered. 

An  important  part  of  the  test  was  for  GRAFIX  I  to 
demonstrate  its  ability  to  recognize  lines  of  text 
containing  excessive  numbers  of  mathematical  symbols,  and  to 
output  a  special  code  indicating  the  location  of  the  line 
within  the  article.  This  allows  an  editor  to  subsequently 
locate  the  difficult  line  in  the  original  material  and 
either  key  it  in  or  paste  it  directly  into  place  in  the 
translated  text.  GRAFIX  I  correctly  identified  and  noted  24 
such  lines. 

GRAFIX  I  rejected  11  lines  (1.1%  of  the  total)  for 
miscellaneous  reasons  which  were  intrinsic  to  the  material. 
An  examination  of  these  lines  suggests  that  they  may  have 
been  rejected  due  to  random  effects  resulting  in  their 
having  more  than  25%  unidentifiable  characters.  Some  yf 
these  lines  were  only  one  word  long,  for  instance,  and 
contained  a  high  proportion  of  look-alike  letters.  In  a 
four-letter  line  a  single  rejected  image  would  cause  the 
whole  line  to  be  discarded. 

Rejected  lines  such  as  these  are  probably  not  avoidable. 
The  criteria  used  to  identify  lines  containing  mathematical 
formulas  will  inevitably  cause  a  few  spurious  rejections 
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based  on  randomly  high  proportions  of  unidentifiable  images. 
Note,  however,  that  all  such  rejected  lines  were  replaced  by 
a  code  in  the  output  file  which  would  call  them  to  the 
attention  of  an  editor.  They  are  therefore  not  lost,  and 
can  be  keyed  into  the  data  file  manually  at  a  later  time. 

5 . 2  Discussion  of  Reject  Rates 

About  5%  of  the  characters  in  the  material  read  were 
rejected  for  legitimate  reasons.  A  production  system 
reading  this  type  of  material  would  be  expected  to  show  a 
similar  reject  rate.  As  was  the  case  with  errors  in  page 
finding  and  line  finding,  a  large  proportion  of  the  rejected 
images  during  the  test  were  felt  to  be  due  to  artifacts  of 
the  demonstration,  and  were  not  characteristic  of  a 
production  system. 

For  instance,  210  rejected  images  were  artifacts  of  skewed 
line  scans.  The  bad  line  scans  were  a  result  of  the  line 
finding  error  discussed  above.  The  rejects  derived  from 
such  scans  should  not  be  considered  part  of  the  overall 
reject  rate  for  this  material.  More  appropriate  line 
finding  software  is  expected  to  eliminate  this  category  of 
rejects. 

The  reject  categories  described  as  divided  characters, 
spurious  rejects,  and  merged  characters  could  be  greatly 
reduced  by  more  sophisticated  software  in  a  production 
system.  Routines  which  rejoin  fragments  of  characters  can 
be  implemented,  as  well  as  procedures  which  split 
overlapping  characters.  It  is  felt  that  these  categories 
wou.d  not  contribute  significantly  to  the  reject  rate  of  a 
production  system. 

Rejects  caused  by  the  lack  of  an  appropriate  mask  represent 
a  more  complex  situation.  With  the  open-ended  potential  for 
the  appearance  of  previously  unused  symbols,  the  rejection 
of  novel  character  images  is  a  proper  function  of  the 
system.  By  rejecting  these  characters  GRAFIX  I  assures  that 
they  will  be  brought  to  the  attention  of  an  editor.  These 
"rejects"  would  be  better  considered  as  proper  dispositions 
of  novel  characters  rather  than  as  errors  or  failures  of 
identification.  Clearly  these  characters  do  not  properly 
belong  in  an  estimate  of  the  total  "reject  rate." 

Finally  there  were  the  "hard"  rejects,  those  which  will  be 
difficult  to  eliminate  from  a  production  system.  These  were 
rejects  due  to  look-alike  characters  which  could  not  be 
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reliably  differentiated.  It  is  felt  that  it  will  be 
difficult  to  improve  very  much  on  the  5.0%  reject  rate 
represented  by  this  category.  The  Cyrillic  characters  II 
and  H  are  frequently  degraded  to  the  point  that  the  OCR 
program  cannot  distinguish  between  them.  Considering  the 
similarity  of  the  letters  and  the  poor  quality  of  the 
Russian  printing,  it  appears  that  a  5.0%  reject  rate  is 
reasonable  for  these  ambiguous  characters. 

5 . 3  Discussion  of  Substitution  Rates 

Less  than  one-half  of  one  percent  of  the  44,504  characters 
read  by  GRAFIX  I  were  mis identi f ied.  The  low  number  of 
substitutions  is  in  part  explained  by  the  5.0%  reject  rate 
for  ambiguous  characters.  GRAFIX  I  was  programmed  to  reject 
all  doubtful  characters  specifically  to  keep  the 
substitution  rate  as  low  as  possible.  It  was  felt  that  the 
rejected  characters  could  be  more  easily  converted  for 
SYSTRAN  input  than  substituted  characters  could  be.  Even 
though  the  substitution  rate  was  gratifyingly  low,  it  is 
felt  that  two  of  the  three  categories  of  substitutions  could 
be  greatly  reduced  in  a  production  system. 

For  instance,  one  third  of  the  substitutions  were  due  to 
attempts  by  GRAFIX  I  to  identify  characters  for  which  it 
possessed  no  appropriate  masks.  The  operator  in  charge  of 
font  acquisition  for  the  demonstration  did  not  make  a 
lower-case  Latin  "m"  mask  due  to  an  oversight.  GRAFIX  I 
subsequently  identified  Latin  "m’s"  by  matching  them  with 
the  mask  for  the  lower-case  Cyrillic  III.  In  a  production 
system  the  operator  would  simply  have  made  another  mask 
after  discovering  the  substitution,  and  the  problem  would 
have  been  solved.  This  option  was  not  available  during  the 
demonstration  since  the  substitution  was  not  detected  until 
several  days  later. 

A  quarter  of  the  substitutions  were  due  to  the 
misidentif ication  of  a  letter  fragment.  These  substitutions 
were  in  every  case  associated  with  a  small  reject  image 
representing  the  remaining  fragment  of  the  true  character. 
In  the  case  of  a  split  "m,"  for  instance,  the  computer  might 
initially  identify  the  first  half  of  the  image  as  an  "n," 
and  then  reject  the  remaining  fragment  as  unrecognizable. 
This  problem  is  accentuated  in  the  Cyrillic  alphabet  by  the 
presence  of  the  two-part  letter  bl,  the  first  half  of  which 
is  identical  with  b,  the  Cyrillic  "soft  sign."  In  a 
production  system  GRAFIX  I  would  be  programmed  to  recognize 
a  variety  of  characteristic  substitution-fragment  combi- 
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nations  and  automatically  correct  them.  A  post-production 
routine,  for  instance,  could  instruct  GRAFIX  I  to  reexamine 
any  character  within  a  word  which  happened  to  be  followed  by 
a  small  reject  image.  Such  a  routine  could  substantially 
reduce  this  category  of  substitutions. 

There  remain  the  "ambiguous  character"  substitutions, 
representing  only  0.2%  of  the  characters  read.  The 
ambiguous  letters  II  and  H  are  so  similar  in  appearance 
that  variations  in  print  quality  will  cause  a  small 
incidence  of  substitutions  between  them  in  spite  of  the  best 
efforts  to  the  contrary.  This  category  is  considered  to  be 
the  primary  source  of  substitutions  which  would  be 
encountered  in  a  production  system. 
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GRAFIX  I  demonstrated  an  instantaneous  character  recognition 
rate  of  65.0  characters  per  second  during  the  Russian 
journal  OCR  demonstration.  This  rate  is  not  regarded  as 
being  representative  of  a  production  system  because  the 
masks  used  in  the  test  were  not  subdivided  by  font.  The 
software  for  a  production  system  would  be  designed  to 
recognize  special  fonts  and  restrict  the  selection  of  masks 
to  those  within  the  correct  font.  This  approach  has  been 
implemented  on  the  GRAFIX  I  successfully,  and  results  in  a 
substantial  increase  in  the  character  recognition  rate.  A 
production  system  with  an  instantaneous  character 
recognition  rate  in  the  vicinity  of  200  characters  per 
second  is  a  distinct  possibility  using  font  recognition 
techniques. 


GRAFIX  I’s  total  system  throughput  during  the  demonstration 
was  approximately  30  characters  per  second.  This  figure 
reflects  the  rate  at  which  the  material  is  actually 
processed  by  the  whole  system.  This  figure  is  partially 
limited  by  the  instantaneous  character  recognition  rate,  and 
could  be  expected  to  improve  by  a  factor  of  two  or  three  in 
a  production  system. 

Even  using  the  rates  demonstrated  by  GRAFIX  I  during  the 
demonstration,  the  system  appears  to  be  the  equal  of 
approximately  15  trained  typists.  In  addition,  GRAFIX  I 
runs  continually  (no  coffee  breaks),  and  can  be  operated  on 
a  24-hour  basis  if  necessary.  At  maximum  utilization  the 
system  could  transcribe  Russian  journal  pages  at  a  daily 
(3-shift)  rate  equivalent  to  a  staff  of  50  trained  Cyrillic 
typists. 
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5.5  Indications  for  Further  Study 

Although  the  results  of  this  test  and  demonstration  have 
been  enlightening,  Information  International  feels  that  this 
study  was  limited  in  scope  and  should  be  regarded  as  an 
indicative  but  not  definitive  evaluation  of  the  usefulness 
which  an  OCR  system  may  have  to  FTD.  The  present  study 
concentrated  on  a  small  sample  of  Russian  pages  from  a 
single  journal,  and  did  not  properly  evaluate  GRAFiX  I's 
ability  to  process  the  full  range  of  material  handled  by 
FTD’s  technical  translation  division. 

The  practical  ability  of  GRAFIX  I  to  capture  Russian 
technical  text  will  not  be  accurately  determined  until  a 
study  is  performed  in  which  GRAFIX  I  reads  a  large, 
statistically  valid  random  sample  of  the  actual  material  FTD 
proposes  to  capture  for  SYSTRAN  processing.  A  sample  of  500 
randomly  selected  pages  from  the  last  year’s  production 
might  be  satisfactory  for  this  purpose.  Until  such  a  study 
is  performed  the  true  production  reject  rate,  substitution 
rate,  and  total  system  throughput  cannot  be  convincingly 
determined. 
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APPENDIX  A 

DESCRIPTION  OF  THE  DEMONSTRATION:  APRIL  18,  1979 


A. 1  Participants  from  Information  International 

A.  K.  Griffith,  Ph.D.,  Manager  of  OCR  Development 
Russell  Ham,  Project  Leader 

Rich  Schroeppel,  Senior  Development  Programmer 

Jeremy  Schwartz,  Junior  Programmer 

Dian  Sweeney,  Reject  Conversion  Operator 

Bruce  D.  Clayton,  Ph.D.,  Corporate  Communicatior.s  Specialist 
A. 2  Participants  from  FTD/RADC 

Lt.  Col.  Russell  C.  Hagberg,  Technical  Translation  Division, 
FTD/NIT 

Robert  M.  Wallace,  Technical  Advisor,  Technical  Translation 
Division,  FTD/NIT 

Lt.  John  A.  Guillen,  Project  Engineer,  S&T  Systems  Develop¬ 
ment  Section,  RADC 


A. 3 

Schedule 

of  Events 

10:00 

Briefing 

of  demonstration  to 

follow. 

11:00 

Reading 

(OCR)  of  27  pages 

supplied  for 

the 

demonstration. 

Each  page  was  filmed  on  two  successive  frames  of  film,  with 
the  top  of  a  page  on  one  frame  and  the  bottom  of  the  page  on 
the  next  frame.  The  output  from  each  frame  of  film  was  put 
in  a  separate  "OCR  Output  file."  Therefore,  54  OCR  output 
files  were  created.  Each  file  consisted  of  a  succession  of 
digital  codes,  one  for  each  recognized  character,  together 
with  a  gray-level  image  of  each  unrecognized  or  "rejected" 
character. 
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Schedule  of  Events 


These  files  were  named  CR0020.001  [33,110]  through 

CRO 020.054  [33,110] . 

11:30  Creation  of  "mock  reject"  files. 

Each  OCR  output  file  was  run  through  a  program  which 
replaced  the  reject  images  with  question  marks.  These  files 
were  named  MK0020.001  [33,110]  through  MK0020.054  [33,110] 

12:00  Conversion  of  mock  reject  file  to  FTD  format. 

All  files  output  from  mock  reject  conversion  were  converted 
to  FTD  tape  format.  This  tape  was  supplied  to  FTD  as 
"tape  1." 


12:30 


2:00 


Ten  of  the  OCR  output  files 
session  were  put  through  the 
reject  image  ii  each  file  was 
together  with  the  textual 
operator  keyed  the  correct 
character.  An  encoded  vers 
replaced  the  gray-level  image 
selection  of  these  files  was 
were  named  RJ0021.001  [33,110] 


Lunch 


Reject  conversion. 


the  textual 
the  correct 
encoded  ver; 


created  during  the  morning 
reject  conversion  cycle.  Each 
displayed  at  a  CRT  terminal, 
context,  in  Cyrillic.  The 
identity  of  each  rejected 
ion  of  the  keyed  character 
in  the  output  file.  The 
the  option  of  FTD.  The  files 
through  R J 0021.010  [33,110] 


2:30 


Creation  of  mock  reject  printouts. 


The  MK0020  files  were  printed  on  the  lineprinter  by  a 
program  which  gave  Roman  transliterations  of  the  Cyrillic 
characters,  and  indicated  the  fonts  and  character  sizes.  A 
file  called  PJ0021.000  was  created  from  files  MK0020.001 
[33,100]  through  MK0020.054  [33,100]  and  was  supplied  to 
FTD. 

3:00  Writing  output  tape  of  reject  converted  files. 

The  ten  files  put  through  reject  conversion  were  formatted 
according  to  the  FTD  specification,  in  710-byte  blocks,  and 
were  written  onto  a  magnetic  tape.  This  tape  was  supplied 
to  FTD  as  "tape  2."  A  hex  lineprinter  dump  of  this  tape  was 
also  supplied. 


3:30 


Summary  and  discussion  of  test. 
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APPENDIX  B 

JOURNAL  PAGES  READ  FOR  THIS  STUDY 


B.l  List  of  Pages  Read 

RADC  provided  Information  International  with  27  pages  of 
Russian  technical  journal  material  for  GRAFIX  I  to  read  in 
this  demonstration.  These  pages  are  reproduced  in  this 
appendix.  Table  B-l  contains  a  summary  of  the  pages  read, 
all  of  which  were  drawn  from  the  journal  DOKLADY  AKADEMI I 
NAUK  SSSR,  No.  3,  1976. 


TABLE  B-l 


LIST  OF  PAGES  READ 


Pages  Read 

No.  of  Pages 

521-524 

4 

529-530 

2 

603-606 

4 

611-613 

3 

615-618 

4 

622-628 

7 

750-751 

2 

7  56 

1 

Total: 


27 


•ftwawi'v® 


JOURNAL  PAGES  READ  FOR  THIS  STUDY 
Actual  Journal  Pages 


B. 2  Actual  Journal  Pages 

The  following  27  pages  contain  facsimiles  of  the  actual 
journal  pages  which  the  GRAFIX  I  read  during  the 
demonstration.  The  facsimiles  have  been  reduced  to  65%  of 
their  original  dimensions. 
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JOURNAL  PAGES  READ  FOR  THIS  STUDY 
Actual  Journal  Pages 


Page  521  from  DOKLADY  AKADEMI I  NAUK  SSSR,  No.  3,  1976 


Aeimu  Akiackum  lays  CCCP 
1CT.  T»  231.  .V  3 


VAK  519-21 


MATEMATMKA 


tO.  K.  EE.T8EB 


HOC. I EA VIOIIIII R  OI1EIIKII  nPI!  BUCOPOHIIOM  KOIITPOJIE 
no  KAHECTBEIIHOMV  IIPIUIlAKy  c  ouimdkamh 
KAACCIt«ltK.UUII! 

(DpcorrmtAtut  aaaifMUKOM  A.  It.  k'»AM0t9po«UM  tt  VI  1914) 

llpu  n.iaunpuuiina  auGoporaoro  xoHTpo.ia  ■  EHa-tuic  rro  priyakTaroi 
xacTt.  acxbjuT  ■]  njic.iiio.TOSKt'iiNa  oC  oicytCTana  oumook  KiacciKlmKauna. 
(>a>ikKo  npa  liocTpotnan  kbi  mu.ti.kti.  coor.cTrxtyioiiiMx  au6o- 

|miunvy  uaa  CD-iouKoiay  b'oa.riBaituio  c  MCiio.lUioBjum-M  rptKT.  aunio- 
fruiiu  aa'aMruaiicii  n  Mc.Tuuuur.  a  Taunc  upn  tipontnat-  na.icKiiocru  «fr 
ut*iii.<»  na  union  jH-ay.Tkiaioa  lu-paapyiuaiouirro  nump.-vm  Go.t<t<  pcajiac- 
T 11 41)0  yiUTUMIt  BoaMiiSKHUCTI.  ollllloli>llinit  K l.tCriliJiHKaUII U.  llpu  ailJLlliat 
1H II HI-  X  n  Vll  K<<UTJ1<UN  U  lillt'llia*  CTO  J<!  i|*l  KTUBUUCTM  XIOSKIIC*  11  YC.lOimjU 

Grat.iniifV>ui<.ii  iuiir(B4MiKaunn  uruo.Tk.vu.aTk  iiuc.ic-.iyaumir  t.iifiii;n,  npc.iao- 
SKI<IU<UC<  A.  II.  lioTvoiopociuM  (’).  H  u.ir-t.Binrii  pnCoTr  |UT*:ii.TCTtN  noa- 
n,,i  k  n'Tipnouiix  iior.u-.icxuiiix  oiiriiux  .via  koui|hc.tn  r  oiuiiGujiiii,  0C06- 
maioiuuii  rooTMTclkyioiiiBi-  pc-ay.TkTaTU  asm  KOBTpo.ia  Cci  omnSoK  (*). 

llym.  1!—  (rt .  0.)  —  Konncii.ia  iriitot.-yminrTk  .V  no-krisTon.  Kaucauii 

nil  KOTKpux  iipuuatir*NT  oauouy  ua  r  miauusKiiua  luarcoa  X . X,-„ 

a  A  —  nino  c'wkto*  n,* £$.  iipniiaa-TrsKauinx  K.urry  X  .  N  —  (AV . . . 

S.  . i'.  A'—.V.- .  . -.V..,.  linn  xoiiTpo.Tr  o&wktu  K.Tacmi|inmipy«Tca. 
•<  c.  oTiinrnirn  k  o.iu  ivv  ua  r  Kaarroa.  CivaaB  r—2  rooTiccTtmyi-T  Tan  ita- 
.TUb.it uo.mv  !:tiiiip<un  no  aiibTc<|>!;aTituiiciMy  iipu.maiiy.  Pfay.ikTaru  n  iaccn- 
i|  itK.Tniin  I'lyai  x  paccuaTpuuaTk  urn  nannuno  iipaaissicnuur  r.iyiaflnuc  coGu- 
tiih.  ppii'iiM  Bt-ponTiiorTk  Torn.  tto  o<'ix<»;t  O.eX ,  Oyac<T  K.iacn'it'UHHpoaan 

kick  c«*<txt;t.  n pun. i.T.’ic-.K.ur’nu  uaarry  Xr  paaiia  p,„  1—1 . S'.  i. /— 0. ... 

....  r—  1.  'Jiu.m  p,  ,  s.n.iKT  nrfxmTnoTTn  npann.TMinii  k.t  a  re  in{>iiKaiiun, 
a  1— p,,—  y  p.  —  atpoiiTiiofTii  aiiiHoiiaiiou  K-TacuttluiKaiiin.  IlycTk  p,— 

—  (p. . .  aoKTop-rTO.iCcii.  a  P— [p. _ _  p._, ]  --  uaipmia  ae- 

pnuTHocTi  u  K.T.ir<<ni|iBraunn.  oCpaaoaaHiiaa  M-WTopauu  p„  /— 0 _ _  r—  I. 

CjyT-iu  P—1,  T.  v.  p.„-<  1,  p...” 0,  ia*/.  i.j— 0 . r — I.  cooTarTcmycT  koh- 

t po.T a •  Grj  c  iiiu.Vn:.  IVayakTaru  nonTpo.Tii  n'kcKToa  0., _ _  0,m  nprycTaanv 

noc.vionaTi-.TknofTkio  krinopob  (e . e..l.  r.v  r*—  (r, , . t..,,  Er.in 

na  le-nsi  niarr  KtiiiTjMvia  uut-tkt  K.iarrutfiHitiipypTca  x.ik  npn ii.i;:m-;k.tiiuhT 

M 

K.T«crv  X .  TO  arc  c  0.  /*/,.  e,  1.  KoMnopriiTu  noKtupa  »» J(,« 

•  a*  I 

—  (x . x,.,)'  paauu  anriaM  ofikeirroii.  othitpiiiimm  no  pray.TbTaTaM 

KniiTpn.ia  «• . »-  k  naarraM  Jl' . X..,.  t.  p.  ».  —  i’  r,  ,.  Bno.iy  iibsks 

nivc.TPaiar.ic-Trn.  tto  nrnn.Ti.Tyc<Tf h  r,i  \ h n rim.! n  nur.ip  u'n.onTnn  na  KOHTjso.Tk 
■N<a  kiiiip.iui.'iiua  ii  k»iiiT|hi.i i.  iipnno.TiiTrii  no  ii.'iniiy  mpccoro  Kxoaocnna 
II (T  •  rpannuifi  toiki;  ik-t.tiioih.ti  I'  (:).  nor.TnomiTr.TkiiorTi.  a—  (x . 

_ x, _ ),  ■*,<-  Jr,.  A'—  I,  2 . uclpuiiyrr  iivti.  (TparKTojinio)  KoiiTpo.Ta 

no  TO'l K.T M  r-Mi'pilffT  ISr.TOTlir.TCIIIIoil  pruifTKii 

S'— !»).  Ind  x—T,+ . .. +x,.,:  x  —  (r . 

IlycTk 

<Vr(a)-(o— (*i . x~):  m— ind.v,  x.^T,  k<m) 
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—  mhoikcctxo  uyufi,  flocruraiomnx  nmn  x,  xotopafl  *  cOmcM  cayqat  xoacer 
Cuti*  rpaiiumjou, 

C:(ij)-(«-(h  x--j(  *-ind  JtCm-indx,..  \.9LT.  Km) 

-  MHWKOCtftO  Uyii  fl,  UpoXO.IHWUX  2  M  3tK.Tnra>Aii|nY  %f  jjj.-  HKCAO 

Me*iPiiToit  MUO/Kc<7!ia  J.  a‘*’**a{a—  1)  ...  (fl— fc-rl),  b  —  maot  siuvio  &w 
Qo>.iy*u>it(ih  cwnfiiwitwjx  bUDO.ioit  Mtu(>.iwyK>Tvsa  wpoxtiiocTM  pj,(a(x)) 
pt-rucTpamtn  u|*u  i:ouip<oc  «> tii  a(x»oGrf\). 

Tf’I'iK*  i.  II  pu  t.ourpvAe  co  cAyvauuuxt  euOcpoM  Co  403epaiqeKus 
u  Marpuijeu  tepoxihoaeii  KAaccutfjuKQyuu  1*  ceponruocrb  nyru  KoHTpoA* 
x„),  iaoacrcx  cAtbytoufcu  ffiopMy.tou: 

. , ..  v1  Nr...!Cr  , 

P.(a(x))-  2^  - - /.(*).  (i) 


(2) 


/.(*)-  £  JJ 

**  m-iDilx.  m..,)’.  m.-O.  J . I  I-//.  O' 

■  r-l-  /-l.....  m.  (,-i.  ;-l . m).  /(m)-(l:’ 

«:-0 .  r-|},  v  e, £«,  /— of- -  .  r-S. 

«.«/*•*>  I 

X-<X' . *-.)• 

lips  4n.^a7c.uriw  (1).  (2)  itCKTojn.  i— (f, . /„)'  ronorraiaitcM  co- 

Ouilli*.  '■orTOrtUleC  *»  TOM,  XT‘*  /  fi  113  KollTpoll.  oCxckt  npnnas* 

JUvl*nT  ki.iccx  i  ('.~0 . r— i).  m.  npu  ciytafuiov  huflope  Ge* 

•(HBpaUK  MIX  BcptflUIOCTL  BfMOpa  »  p3BH8 

A*  .A._,  fXtm\  m*»|y »(!)!,  m— »*!,+.. ,+m, 

C.icACTbii  c  1.  JJcpcxrnociu  ectx  nyreu  mhoxccti*  Gt(x)  oduMKotu. 
C.tc^cthdc  2.  //dj  KOHipc,ir  no  iiAony  11(0  u  c.iyvauhoM  euOcpe 
oo y*KT34  v.q  Kft H7pfi.it/  Cf3  eojtpa  ujniun  oocraroHituil  ctqtuctukou  fan  ten- 
ropo  nai-QAtn f«'.o  A*»(A'....  ,  A’*-,)'  *«.ixk>7«  Koopdunaru  tohku  ocrano*- 
ku  Konif/.tn.  k*>:oo  nyrb  encpcur  Ooctutoct  zpaiiuyu  T. 

*>  .  ^flKT  X1*  <*ABO(a»yx)cTy«wi«HTux  mauoit  ■  r-2  6a.i  noxx-ntu 

H.  M  1 

C.ic  .ici  t  nc  3  tJycrb  /\(x.  D  —  ecponritocro  Oocruxenun  ipoHUMHOi 

fOHKll  \€|.  <7  i  x(2.  X,  J  )  —  tipOUTHOCTb  TipOXOXdCHU*  U*  TOHKU  t  U  doclU- 
XC'tUX  3J TCM  70s  till  \C=r.  TVs'UQ  UMCC.H 

PA*}  r)-t,<Op,(o(*)).  />,( X.  r) -Ml.  x)/>.(a(z,  x)); 
aix)eCr(x).  aMQ5,(u),  l,(x)-ICr(x)  i,  t.t(t,  *)-|G,(i  x)|. 

1  atcMo:pu>:  u.i  I  comciictbo  biikjathoctiiuk  wcp  [Ps(A.  I’}).  A^T,  aa^a- 
p.H  Voe  ii.'jxiHr.-iciBMM  HUXOA,  /*%<».  I-)  >  rpomuBui-  io-ikb  xer.  N  wtuot 
po.Ua  uapavcipa,  A,»0,  1....,  #«* 0....,  r—  1. 

A*  >  ind  T  w  max  i»id  x.  Ps  (A,  D-V  PK(t,  n. 

Hi 

<•4 

nj,3Ur,J,T*‘  UOIllUM.  Of. Id  COOTBClCTBpOmee  CMy  COMCitCT- 

10  {rsK  \  rtf  AHMXCTCA  UU1IIUM  (*,  *1. 

Tcopciia  2.  IlycTo  n.iau  11(0  no.vtiiu  npu  KoiirpoAe  Co  ouiu6ok 
\r»i)  npu  CAtjHOUit"*  «w Copr  On  eoaepaufeinift.  To:da  n.taw  11(0  no.t- 
huu  it  npu  HOriTpo.'t  c  omuGkqmu.  ee.iu  do!  P*>0. 

,'IoKjaato.TtcTiui  ociiouano  iia  r.io.ivioiuiiv  d'^HTax.  Byncw  cnnrmb.  *ro 
cofTfin  >  fOBoKvmiorTit  $  Hiuitoicn  c.i\  nafiiiou  dc.niinnofi  B  xaVofTae 
aiipitopuoro  pafiipt-.i^iemin  bo3I>mcm  no.imioMHa.ibnoo 

*  ... 


P(N.-N)- 


y, \,.y 


(3) 
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rxe  flycTi.  e<n— (6,  *....  6,.,  ,)  —  BCKiopu.  y  xoTopuz 

6.-0  ,k+i, 

r-1 

5,.“  t.  !-0....,r-i. 

t-t 

.len«a  1.  Ec.tu  anpuopnot  poenptde.teuuc  N„  *9.ixeic.i  no.iuHCMua.tb- - 
kmjk  c  3n(iHfnuu  (3).  ro  nyr»>  Kou*pom  c  yalpuiieu  ccpOAT- 

iiocrtu  k  :ai(  uif-u*t<V(uu  P  reorder  <rri//T  no.vmf,,ua.u>"OVij  C.\y>rd(\HUK 
no  ichkom  pcuieiKu  3‘.  nputcM  £,*■<?„>)  *-p,.  f  — 1.  2 itOMcpa 

luafOC  KOHrpOIX ,  /— 0 . r-1. 

npn  jcioi'iiM  d.  tP-'O  oTo<'pa}K«'ii!tc  (7*  ...  7,., )—•(/>. _ _  p»-i). 

/y*  £$,/>.  .  ii*-poi»onMT  cn'ia.io.c  5.'— {{7- . 0^7  <1.  ^7,-1}  * 

Uf  t 

M ,  -  Mliororpaiinm:  paiMrpMoryn  r-1.  .JT.cS,'.  c  BopiimnaMn  % 

ToiKav  A  *r,(p  «  ...  p  .).  /** 0 . r-1.  Cfioumo  mot  u  n.i.otft  11(0 

ups  naianoMna  »i.n«.\j  G ivtfj.rannn.  xor.ia  (7......  7,.()e5.'.  akintfta.nctiTSO 

CHOfifTBV  nuwTU  np*i  cx^.oiirt*  MiioM.^Th.i  uap.-nnTpoji  ,V» 

Cac.ic  Twnc*  4.  H pi*  Kouipo.it  no  a.iKTepnnrusno'jy  npuanaxy  c  ec  po¬ 
ll  thoctamu  KAO'tujiUKauui,  p,  .  /  /—0.  1.  p.  (pii^Pn)  n.ir.n  nepeo - 

:o  tiox»nr:tx  6yti  no.t/iuv  ?o;na  u  tv.uko  tozoa,  ko :da  011  npocroi 1. 

(Ollp<  1<  10nj!,*  CM  Is).  cip  123.) 

3 a  m  <*  1  a  ii  r  c.  F.c.in  npn  r«3  p.  t>p, ..  i.  1.  /— 0.  1,  2.  to  dot  P*0. 

IKcti.  l(\)-(/.(x) . I.  ,(\))' —  wKTopcionCou.  xoMnoiieuTu  soto- 

poro  pannu  /.(\)  -•/.-(*  x)/Ir(*)- 

T  o  o  p  r  m  a  3.  F.cw  iKiP^l*.  to  upu  KOHtpo.te  no  tiaowj  JIM*)  to  c.iy* 

hquhum  cufoptm  f>ti  eoief-aufthu*  ctKiep  (N)A  —  (A‘,A . .V  *-1 ) '  hccmc - 

LjCIlHUZ  OUCUQK  KOMUOHtnt  trKrnpa  cocroca  N»(A‘*,...t  A*..,)'  meOKynhO* 
mt  $  onPftV.t.iw*  rooTHouitMiirM 

(N)A—.VP-,l(x).  (4) 

C-i  t*3  f  T  h  tt  i*  Kc.iu  HAiri  11(1*1  nn.ihUu.  to  «  yc.v>*u*i  re  opt  mu  3 
ntr*ru{rnHov  ouchkq  (4)  tdunntcnunx  $  kaoccc  ucc*cu{CHnuz  otffHox,  sa* 
otiCAUfiix  i-r  dr-*  zatosnoO  narucTUKu  x. 

C-icjcTfnc  0  B  c.iyiae  r“2  u  p»,*p, , 

(.V,)'-.V{IM<0.  l)'.x)^r(x)!-f.,>(/!, (5) 


3.i«rianno  Kott  iun*po-»i.  oiuocT\i>cM'iATt4U  oTn^va  n.  a  d  —  7*t- 
to  o>o.(  otiucumiux  k  Ki-ccy  X,  ir—2l.  to  m  (5)  mmccm  («V,)a— 

PaccMOTpuv  ciifTiMV*  ypomunnfi 


£.V„V,(!-6.,)+A','"6„ 
A-’*- 


(C) 


IlycTi.  P; —  MDtpima  Koa^.jjnnrnr.-'h  npn  nmutceinut  {A’.V.  .Vi*'}.  ynop»i- 
A<iTonnu\  a  ui! io  jiCKtopa  \:—  ( \Y .  ,V*A'..  A*. A*;  ..  .  A\.  Y  -'l )'.  expo- 

KM  KOTfiJH-fi  O.TOftaiMMKtCT If  MOMrpOft  (A*.  1).  MMOOtOCA 

bmp  *0  ft*.  (0.1).  (0.2» . (r— 1.  r— 2).  (r— 1.  r— 1).  iparni'inod 

Toftm*  xeT  B  np<Mi!oaf*;i;oi:ii»i  minindx^2  comict^niiM  xthTop  /«(x)  — 

*  {£.  (c,..t-c,4m  x)/Li(x).  Lr(c,;-t.u.  x)/Lr(x) . £r (*,»..»+*.»-  ,u  *)f 

rXr(x)}'. 

Trop^nn  4.  flyriH  tec  tovku  z.  indz— 2  ms.iaktca  Aoctuxumumu  u 
euno.ineiiu  yc.totvx  rcoptuu  .3.  Tozoa  dot^.^O  u  ecxrop  (S}) A  xecjtfCi'jrx- 
huj  rqenoK  S.  umcct  cud 

(N,)A-A '‘"Pr'lzix).  (7) 
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—  — 7=4  SS5. 

(C(.\A)  )  A_(N)  A  (.\)  A-_  (M)  A  (8) 

«,r0£jn k,r,“r"ur---rP»“'“w  n»M>-ntx  aam  n(r,)  i-m  r  _ 

K(r.).  Bfw< opf\"7-“v.r*“  r*  A0ei”^>,U)'T  ’‘"“/P®31'  »o‘ 

. '-*•  ^  «*4r«== 

(N(x'"))A-r-’l{*''>,  *,,’)(Af-iu4x,1,j1  (9, 

x'-’J-t-;  (*"'•*’">  <ir.<X<»**.„.,m, . z..,„,+  A 

STE*  ~  = 

®“  oC''f,tTO*  5.  OTN«crmux  a  ja.  ,«0_ ... . .  r_ ,  -v  /mj  ‘ 

PaccMoTpuy  Koc.ic^oaayc.iinocii.  /V  v  *  '"T* 

nrt  .cxropoa  «cxaM  X  co.oKvun'oinB^  V«lZl  TZ3*  XT 

Hfwiwci.  : np*  tu-iotunoa  Koaipa.,,.  ?  r  uwopo*  roC»M  Xna^lxT 
«*.op  .V  *-<*.,)  ~*«P»u»  c  «««•«,.,.  *  „  rar 

s;aar  a- 

ropn  anpuopuui  aepoMThoc’eQ,  ulcered  *fCM*U<eHH0  onetueanutuu  ock- 

(i0> 


OoCTTUMO 

3  vi  me 


v  *i  J»JC 

.imtemtvpa 

-«•  T-  »<•*•<.  S03  oboj.  .  w.  /r.fi,. 

if*. «  *  i  alii  , m k \  ■£!?!!£!?■  ,s7i'  *».  a  a«i- 

•  B«».  1370.  *iijyKa*.  IB1  Z»!S2JS 

'«*«  lariqwn. ». ,'.  * *’  *  *  *«wl.  )h«.  AH  CCCP.  Tnii! 

SM 


i«W*-ahW*lMM>  to  >M,| 1 
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AHiron  .tyi  CCCP 

1174-  Tw  231,  J*  5 


yflK  517.51 


MAT EVA THE  A 


ILILilUBUCHB 

Chortxm*  no.ii!Ho.MiiA.iMion  AnnpoKCHMAUim  b  e*(G) 

(BftteiAtttno  C.  M.  /ItiMwiiui  29  V2  197$) 

C  -  LAKKix  orphan  01*33  j.pocicu  cj.pyyj**-*oa  apa- 

rau  i/C.  I4‘rauo.v*ii.a *ito  kok  G.  Tjk  a  ce  XHrturioox  C\(,  wiojutt  a  Koacc 
U.  II.  Cunpuou  («').  C7p  250).  Kaacc  £MG).  l<p^£*>.  coctomt  a)  atuunt* 
innrcKox  a  C  <J.ytfKi*R«  /.  rj^un^uuc-  aaaic^u  Kotopux  cyvanpyettu  a  crc- 
ocaa  p  u»  OG  (tonnue  coptac-uaa*  cm.  (').  CTp.  203)  c  Hopuoa 

Ji/(t)!«i*i)‘" 

c  oou’iHOfl  Hoj-.Jak^noru  up*  p-«.  Ecn*  ofoacik  G  -  tjanasaua  icpyr 
‘  *“  {-:  io  £*(A) ■»//*■-  pTiunuuu  K.iacc  Xapan  ((').  cip.  78). 

liven.  j>(E  pacoi'/ipn*  K.iacr  AV(6)  *trx  <2>yiiKuou  /  »  £*((7)  to  cae- 
jyjwfliaj*  c*o»ciaoM:  ana  .i*Go*  n  mr.ucic*  MHOrowa  P.  ctcuchb  «  tajcou. 
*iio 

r»  C  no  jaaarar  ot  n. 

Ur-.ii.io  narxoauud  pa£»Tu  jimsrrra  apnaoe  crp\ kt*  paoc  o.:acaa»* 
A ’,*(£)-  Ilpr  p— Kiacc  A\'((7)r£’(6’)  a  mu  »o.i\Tni*  xxxxny  oC 
orraranan  tpynvmm  t  ‘tasaaaoa  cKopociuo  {uaaoMepuo'o  xxpcoUUKcaaa 

kp-  <*■’); 

1  OCu  ijuifnnx  B_ftnpcai  .n«a*.  1  9  —  *)*•**>  oroupa- 
atenae  aitrnim^tB  C\(I  oliac  :u  (7  uui-mucrfTk.  C\A  e.ianaiitoro  xpjra. 

f  — rffwTuoe  viToupasecimt;  £.—  {5;  l9(s)|Mlafav}~ 
.latent  )pf»ane:  .TimM  Kourypa  f  cnkuiiaaaeTca  JT  j; 

&ldz  *V?  (Wx+i  t?/d Jr). 

2  Ihfifc  rG  —  kmwk  N«]<opMuaa  i.pnrj*  ((’).  ctp.  7l).  Tor.ia  cymetT- 

d>i*t  iim.-v-pu^no  j  ar^u>Kou<f>opuuoe  orpa^citac  x—- 

rfriH<aTf  -G  Tlycti.  L'  —  Mpji  L,  apa  aicji 

«.  Kc.ia  ic.i*G—  «i»:o:vp3H  t\r.«  a  /eff(C).  to  Tcp.va  f,(/,  /),~fiyatt 
ouuxiiaTarua  naan  state  npa'ciawmac  /  a»  /  MiinrovitiiaMa  crrucua  *m  a 
VOTpDKr  £*(/«. 

Koit.J.opM  ftw*t  MPJV.UV  r.icjKocu  nopx.’.Kj  n  4*  naans  1 
ui  E'{Gi  lui^acM  <j'\i.Kn»w  or  6>0 

M/.» ).  -  'up(£ 


rae  ?»:p  ficprTta  no  ateaoaacacauM  pajuautnuM  OG.  0G-*  [)  I§.  ua  t»rnrp^- 
'%  avra  /.  rsKce,  mto 


Ilpn  p"1*  DKtnnx.mmifK  f»npr.1e.Tctii:r  moY**NM.  na*a 

.U(/.  6).-sup{£«(/.  /)*.;  |qr(/)|-6). 
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4  C-U-lyM  (*).  uajuk.w  '-'.srr-  C  KJCftllO-rJlJXCB,  CCI»  c 
rpiacua  cort.  nr  aj  muncuo  iar.li  Miaul  J)T  c  ucaptpuiaoa  *pai«a- 
cwi.  oapuy.-um  a  M-piaaaii  J-l.  2.  ...  .V.  laraeac  k  o6aacia  C  yr a« 
-la,  U'  apairu  au-iaia  ;. 

V i->  —  <1  (Jj-iMs)  /C. 

rat.  4,-jauja  arnikpuiao  ;w44*jH-iiiup)r>>‘M  4>yuuiaa.  rpaaaui  t»- 

Koii  oG-’-cm  KkiacKou^-j.vua  (*). 

li.Ocaoth**  t  cope  x  a.  IlycTk  G  -  xyconuo-tsixtan  oumcti  m 

Tcoposia  1.  Kcjtoot  uj  cjtcdytoufiu  Oeyz  ycMXUu  HeoSzoOujto  u  do* 

crate* Ho  itjti i  to:'j,  srouv  /cAV(6'j: 

|ii/  (*);?  (- 6-^) B^u  Mf«orr>pOj|  «; 

I»»  -V. (/.  6),** #{«V) .  v-*0  nyu  hekoropoM  m. 

HI ■  3ajiriatin».  1.  Jlurraitncucii.  yc.io*na  A)  ill)  mokoo  aokamii. 
*  «**«*•  uT».iJf  Jen.  U4U|«UMC]i  JM  ou.ifiC7t»  r  orjvsuunenuux  *pj- 

ujruuca  s  ticsyncttiKS  cLttmmvts  vr.i.iyu 

„  IL-ooioioMocTk  \f.Kiksa  A)  .uianr*  npa  3*6011  »> 

-'umv  fjjJ.  |«  aJj.jnwiM  B>  —  nifSi.i^ix  m>njj  (|*).  j s/a,)). 

■**  k.iuMc  A1  xyfero  |MctnaT|«wnt  KaK  retro  bcuih«c  oGo6mrnne  Kaac- 
cmww-b  teoprwu  Xjj.ob  -  .’!Bn.i»).u  4*>.  cttw jukamuit u  rp:m>iiii>io  roaa- 
tJ.inKura  k  *-j*vrc  r  ct*  fTajuuux  uj-titt-,  tnur  tCiu«n  rjununw. 

*  I‘!'a  P’**'  «  >c.!ouiic  Hi  it jM*k|MUt4CTt n  k  Mkcmioc  >c.to»k 
H  It.  A  J»;tukj  (};  /•*  > j/.-r iciuoprti  oi.p^^n.jcjn  jr.-roroj  rt-.ij.-eM 
nupaiKa  s,  !!:•«  0<j<tiiin  <1.  *j  )  :iUH«-uir  n*-0  u  H)  jomocuo  q  jt.io- 
*.«*-  H  I.. ,{ i»  ;uk-  t#fca  lUiurtw  neoOvaatiu*  n 

Ho  apn  *-*m‘ n  (J.  ■s  ’  Hwpivr  !  6|wtt.  m«ti  r*c  immuiu  a  yc-ionae  B) 
pscv»,vr«  c  >f.iotut\j  it  K.  #1»t,iuK4  llpa  ji  -0  j'xTaioitiortk 

vc.Totna  If)  uc  t/.iao'.t  Frees  t  »iku\  Tcj»\iun>\  yriaxxok.uu«  a  naG> 
ic  t  ). 

j  ll:*o  /*-«• ^  »-mc«  a,*(6')  k  Kyccnuo-r.iAlKax  ou.-mctk  * 

■«u\  a  (•.  ?)  xt*.  *  c  m-mvMMn  >‘i  n  %  (*)  xin 

x.  Ilptj  ct  1  h  -mi  ottne^miK  ncuo  hw^kj  m-ptunuu  z  u  vriu  t, 

tij*r  :ti?\  * 

Tjk  nuKaKkc  cn«  uu^  jniwr  cn-'nriM  otbu(7tt  G  Mr  »\o- 

VT  Mitio  k  iJ^f'vpai’t’iKB  A)  n  D).  ms  J.  keponruo.  enpa&cjviHiM  ji* 

aii.'HtMMiv  •V.u-f  ix'uu  i«t  ]oic(4  odijniii. 

I\.  Cxcvj  D*i.a?rfif.nrii»  I’srcMOT^vt  ompaiop  T *.  K*u>puxi 

q>> i  jryuu  f  m  //*  copocT^aiser  ^iwinnj^cekvn.  k  <7  4*vhkd«io  f—T.g  no 
njora-Tj- 

!(z> - | (;)  1  rft.  :cC. 

Oo.wm.  u  iu  v>aex  p-4^’Vpokou.  i-r.m  ,t.m  .iKJVns  vjw^t.irni  ^ 


'TTtfi^KClQlr.. 


KvffriBv-r.Tajwic  o*l7a*ta  tecroa  p-4^'Vj-»>nu. 

Teopcm  2.  llycrv  /g£!(C).  BcciOa  C** /) **■  E.  a  <  t^AaCcpoaoH  obje¬ 
ct  u  £-»C. 

.C)  :cAV(C); 

D)  ;  npodo.tjre.tue  /"  mi  *r*>  u.tocecrr/..  ncny<pu*uo  du4»Lf- 

fX^upyexOt  •  C\/7  U  TCKOC,  HTO 


/  r  |  i  3F  »  , ,  \  *'* 

UItw"  Ms!) 


E)  f~T,g-  g* AV(5). 
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Aokjiau  Akikiii  fttyx  CCCP 
lf7i.  T#«  23L  .V  3 


yjlil  539.376  «»!  57  531.78  12 


TExmvncKA  h  4>imiu.\ 


A ujnn  All  >CCT  B.  K.  MOCCAKOBCKIM.  fl.  E.  I1ETTOB 

O  B.lllHIllHI  TPKililf?  IIA  MlIKPOCKO.’Ib/fiEtflJK 

UtKpuTOc  0.  1\uko.-i».;jcox  »  1875  r.  (*)  xaantar  MRKpocKasixctBB*.  ap*>- 
Tcxa»stec  i<2  iuwBV3i kc  ftftrittaKta  r3Jy«u.icucTty»u;nx  t«.i,  »  acr-zr^uce 
tpeHH  8K!rll«8»iiJi  BCC.lcajClCR  Upc  ft2%tr;«rl:R.i 

juapMxciiftn  8  ae^pxamij  (•*').  Cytta-ciayiuiute-  MrtvJUiKa  sn;i».i«*im>t  ton 
upotmammhw  a  cc«n.in.ui<  j.wju*  nrjxutMj.  2iM*Kir.:i.iu> 

CUft^aKrt^MX  »OJMu*Uwtll.  ttlhvio  fcM>H  lltrllttK  J par.lIU  >»«  U  UUp'.V-.irl'BII 
hatJpfi».\  «•-  r-»r;u:n  CJ».ii  ;i«iy;iVh<jnc  |l<iSltjKTA1M 

8  O^rp-UX  Jiirp>aKACt  BCf.lr  toftJIlK**  HpSpo.tU  MtU*  JIH*  U.1U3  *4  ,l\M- 

u:«x  piixrr  8  arua  uo.uctb  \r)  upr.jcTUft-iKrT  ctinc*_«>  uo.iy^rm;*  **• 

ayautwio  paUB*BMUX  >*:i  ft  npou«ce  awurpM«»-nij.  Kur.nMtiSR\  *  prr  ii^ 
tatf  *M«Mt».irTTrT*rx  ynnyn.ro  ir.i#  r  cTrK.;*HH«*i 

lUfcCttjoKH,  iia  »*i‘*p>r>  TvaftM  e.iun  xpacumm  ftctm-'Tfca  Mnt.pr 

cko-iukcrhc  cpa  ryxox  Tp*u*R.  k*k  ucuum  Mn-.-tiun,  ft  anx  c-iyxae  m'j.ujm- 
pyctm  rpyiio. 

H  .Umuou  p».«ic  uplcrawtHU  pri.UkTaTU  awurpruma.jwu.f9  B'C.ie- 
^oftjuuin  npoi;rcc^  jap***^*!.-*  cu*-tur;inn  a  ft  nixctu-uur  *  cyotftcr* 

Clift o  c  UatRrUferV  Id'i't^aaArJN  TprHUM  xiokoH. 

1.  MrTo.ukJ  MtcatAotJUBA  Jrcuc  pBuriiiu  i.’poeojn.iac*-  no 

p^spnGurjtmou  asnpaxa  Mri.u*iK«*  «up*  a*--i«-uc*.  rpatlou  ftoj*  cuimlxw-kr*. 
<jx fi<*taunou  ru  o;xhom  ni  cnorr^o*  ‘HTR'tf-ct.u,**  vci^a  »«tptMN  >4*«pxn- 
po»autiMo  acTMttM  “  luvipa-iau-mHi  Kiiirp{-rp«iiu-7pt;n.  Hpn  >f»*x  nc- 

nKlMDUaHri.1  Cl rMM  IHMjVfMII  IMttfpaMH  K  fV»1MKIU<H  IUHU\.  »juju 
;wyx  4KC0aiaiiuo  a  ptuuuoiw  xacmxatu  rp*%t*na.  llaq.j*4wnfr  ycrpsuct- 

fto  opM<-Tj!».mat»  <oo«m  CBCtrvy  pwxif-iR.  (X«H.HUun  «ap>rau  •■‘’•pau-u 

^m.ks  jmv-o kumj  tuoCKviuiw.utr  i^nuvm  tuticiRhMii  ncAftara^njut  k-u 
OTfto*  cxc.imo  u.TjCTftn.  o^Ma  v»  -■•Iwput  ctc*.  iftrtiSM  lipc.’iMriKWn  Hvhok 
ctcfft  ckboju  ni*oji«annvi>  tuaciaiicy  xitSMi  u.ioiiu.ikv  iu.iirai.rd 
impyrNoni  tt.  otpaiKdtfr*.  *>t  mtio.  MiUrpitpHpf.’c:  c  «.:mpjuM  a\i- 

*ox.  IlaiyRruuur  jvrjuxuu  Hccacjiyt  uoh  noRrptn&on  oor-j  iz*  itc* 

cyr  Ru4»opxannjo  c*  x^xaRR-ixc  K'-uTj*»ih«'I.>  aiiBHiflrncjcau.  Ciuiu.m-ti.  pav 
pdGoiattuoro  cnoc»Gft  oapr^cmm  m/.? nice  no.  patxcpos  n  i-oj-yt  ion  ca»*aac- 
HbM.  *ra man  nc-pt-Mcui-iiuji  *  3»*iax  ck'kujuuea  *  r.i^yiuutrK. 

IlMfc^^porpftxxu  KoHraKTiioa  D'Stpxhoctr  nmco  iMiuum  ao:iy  rura- 

acitRft.  o?pftu«*ii-ifuy»  r.HTc[>i<-po!SB*»ttr.oa  naifxoa  nep*««o  rn.pftjKj  Ti«»*iu 

opoCKASiauMiiRR  xaiMK7«ptt4\ft>tift  :ii4atn<  'i  ^PrunnoHnux  noi'toc. 

yxftAUftiioRiat  Ha  oTUbcnir.iuiuc  nrpcM«*mM<ac  TOBrK  anui  *iaciM  ftottravi* 

Roa  tiOftepX BvCTR.  KainMrCTftvIlliaM  OUftlKJI  ftr.isndtt  CXcUirHSR  TMrt:  IJp'»- 

safto^caarb  onunuux  cuucou^x  5*!.  Tauax  x>:o,i«f»  cnrptiit  n»^ua 
■cuocpcACTfttucc  na&mjxaxi  Rft.ir&KR  xsKpoo^a»4«;r»mft  »  apou veer  aurn#** 
pftMrnra. 

BwRCMCRftc  npouccca  nouft^^uua  it  t,4x>ttrnR  son  MBKpocKtow^crHnR  rpc*- 
ftOJO-TOCV  no  3ltCO«-p«HrBT*Jl».RO»  ClCXf.  DprOX'SKrUMO^  0.  lVnooak^c«>*4  i’J. 
acc3C30ftafttnxx  naa&Bise  atm  cp»  exaTrn  ycpyrnr  npxuoyrn.-ii.BUs  r.pyctcft 
xcciniHi  rucraxo.  Ha  BurrpfJ-cpoipaxxc  cxtaiori  ycpjroi©  napa.T.icjrcn- 
,104  napa.-UMMif»  rpansuax  ijaa^parnou  KouiaKraon  r.iop»7kk  safoxia- 
kttcr  Bfcto.'u.  yKasukjKwee  «a  nfpexomnttie  norpauennuT  yructxoa. 
H«rrpa.ikti4ft  xarr*..  nprjcra»aii»BM*  co«ox  xsa^yMT  c  oapyr^cRuuxi  yr- 
.raxn,  rmjictck  sonoa  cccsacmax. 
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2-  Bu6op  M«Tepiaa%  oOpaauo*.  Mrrtpata  oCpasao*  ofr- 

»•  CT«yK.SU!Xa  Cy2S«T*-ltKUH*  CpaaiOKSMa:  llUflt 
»uk.tny*>  noacpxuocri..  nanmnur  yupyrsc  cxjrciaa  a  rpaaasTrAKto  itrai 
xojyjt.  xapyrocta  (£<4h0  w  jut).  Ha  Matrp*a.ioa.  o&sajuxcuux  ot-praac* 
j*Ktj£B  (kc:h»i,  n<a-uu  uorjaa  4<iopuaiac?-4  (£,— tt*J  xrW)  a 

XX-KWZ.ZZC't  IIC-i‘4y  Kaxp4*3tU*r»T  7«e»B*  DOtoH  XUp  «pTv- 

potL:^;  1  —  CTtK-lO  C'Upcj'.la.^K  tio  ^ItCfTMuC  kriwaKc.  7.  •  UxrpZ.14(i 
Tjftxrxosjnuu**  i  7  n  Mopv^.*iuM«r  U:pK;*:ax«»j  **  /ctuaa 

a  MMKcn;  cparaunna  v'pama;  crrMoturtisc  ax  7/f*  npnai^jLivo  -a  aou^- 
«J*anartii  7p»  aa«  ;.  lln*..',  mxjun  uv'pm  mrrrpttHctv  i^rJxapSKUVk. 
*»o  tKaaj.ia.io  naiyiuih  »r.war  Kn{tn.Ti3^ixur  }vjv.U7am. 

lips  njK^jcucc  anrprN»  cGujppb  no.  <rru  tpcaa* 

RjaKTstroca  nr  .wxnrxT  uz  rirufiii  txpuxazr*  a  6an~ 


P»<  J  Xs^itpi ■«*  ipini'  tir~*r<ci  mwui«»aiM  a  pjiurraa  »•«* 
«  IWKdWO  M'i4*33«Tlt*  tprlPI  SMM  /  r» 
aopv«AAvi  sarfOt-x  _r  •aym.'titfasx  i;4>u  —  4-T>y«UKT-i,  cc^cuax 
—  e*»*-*=-^cr  IK-i  *vj.  4  —  uuKt^cm  ct»  «»<«■*•  tramu  »o«u 
cw&xrxx*  ha  arx  «yci2w  M^carn  (c.'.'i  ct  J.  iIIomwmi  spMijwrpo- 
MrtXhih  kM  i’-i—  X  S  —  .V  12i  rtiiUMrt,  eft  bull  UfiKrTjui 
Zi.\m  r»ft<T:«-|-*4|o*rwu  (rwtmnirtM  X  !-.Ml»  j,  l); 


tco*  3xsr*30*r  asrpyvrr  (pcc-  l,c).  Orsa  oOcccr^asaAsrx.  CTi&AUKxm  vc- 
■soaai  opa  accAOaaaaa  so*  KXKpc0u7.na.runa.)  Kw^^nxraT  Tpnex  n<- 
MouMcra  »  joaxcic.ihUi'B  ct.-iuxb  uisrs:  ut  H«pKuui'ia  tcrpyjn  (par. 
1.  c*.  Hps  uvcicurnaoj*  \tc.iB7rnv8  caftan  Kto$«pa&sci«t  iptiu  a  *s**a*~ 
nun  crpao.3  aaiciKuam-  jart»-7  («rto  otuo  knrpxur  aiwcnt-HO  Jl.  Jltxoptm 
»*)).  uio<  cpoacsvjat  j-.-jrqc  MWf.xic-mrc  pocsa  /  a.  oocjc  Jtocnutcrax 
aiweKj  w,  raiwiw  yaruuncnne  trt*  itpa  iVouasx  narpyjKsx  xa  otxocb- 
irjwo  aaotjwwo  cortoaHaa.  (]I»AnGttur  mmjcbkoctx  yiuuBU  a  (*),) 
I*  np<4W(e  a<r.ie^oiuunx  f*u.7«  UMnrBo,  sto  aupr jaanwc  as 

p-*X3»aHux  yax'-raox  uraoiioscroaorn  nana.  wp»t  sjt  maxtiur  no  4-ojjxc. 
ao  ROinentriin »  oT.Jit-aainnrc*  rpnxur  3so  <kimci»*»  no33*oaio 

ocpcAc.irnnmj  oGjmsox  :injr.«rorati.  r.oarpxiuK-n.  ccmcajcssux  o'punM  a 
naxyncrv  nyaeayjo  aaxncryv'Tv  rokH  cacrnra  Tjxaaa  or  narpysaa,  nrn* 
mta»  .tocTittrtHr.  «Ve7uuac  nanaiu«ur  yxsftKc.  rcoGx^aaxuc  zz*  aumena 
ssKnaa  Mattnnnokfhna  sosi  rmiUKrnns. 

3-  I'ra;  1H3TU  jKfiirpBafBta.  Opxc  cuTrp^porpsxa.  naiy- 
•irauax  npn  r*rA**7cnac  a  yxrnusrnxx  racauax-mcii  fcarpysxa  na  xaTepasAc 
c  A«ncanu*,:o  ckonrrkkux  a  sncroacnu*  Ko^jvJ'ennrnToM  Tpcnaa  —  tfctopo- 
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nrjcTf.  yuittut:  na  miKttiKCV  rpns  kau  cqrsMtu  a  aa  coot»ct- 
cnyraM  imttnr  somu  cpona3W.uaf,  tmmoe  c 
Kci  uccjh  uaiu 

tt^2*  wajwi-JT  np*  aaxKcaxwux  a(nun>xn  c6- 

foiuj  si  stiKCum,  xapacxrp&iycxts  uyrnrxxrx  (<ir?E%<iUA  usootaJia 
($•*>-£  *  a  ccz-titscx  »  Mxwctton*  or  tpw aavnoioc  u- 
;pyj«  2».  lUuviuyx  3-3  ^r.iuaiu  a  .*pa4«:  aaaccatsocm 

4  tcB'i'i/  tftass  n?  firwra  nuTu.  waanr  Mk3(itNocti  im^- 

4*aj»rfcT£  7f«rrs*  /  07  c7/so=rHti*  wjkisbl  >>uw  (crffiMica  r  vo  Kti  n.:o- 
eujM  Kuaratia  i  (pc<-  l.£»  Aiuiaupyriux  kjaui  mvcikbbo  maz^a.ta* 
rj  c  prj>~vT27>«K.  acpmuuva  .1.  A.  rjaaawia  ufa  p*o  kx*  ujuu  o 
•2aK-TS«aacs  ciravca.  xorrairrsia  gjusaga  roxuporr?  pajCsta  aa 

3rKj^:uit»  x»>  tur^eiicx  a  a*r  a oau  cpwKMuuuitn  <‘;.  Asmn- 

KUr  JtlJJHRU  VU7I  Wt.WflU  Ep«  fKlB tXWM  3T0Ct  U^ail  t  SpMtam&ai 

\foki^na  K.*4ta  Q'jwa  IS  IS.  MutraKoacxmx  a  A  I*  Her  aye  {“). 

Partwi^MX  cooTartnaynstw  p>oas isuv  K^j4** 

escuraa  iprnf.  xoaav  puvsii  xpaayio  uwiwuna  /  or  c-7  (pac.  1.  6) 
mi  wuprnKTO 

Yaacxox  !  (par.  2.  a)  apracraacjacr  cofioa  rwr*  xwsarw  jut- 

aamBUUl  K^.'IMUl  KICKS' j».*BOf7rri.  oOp»JJ  tsSitlX  ^JX.  Ku7':f-44 
•AtivtnMrT  M-.3a*S«y  (^JUCCin:  OUU.  I.  r.  u  -p-JXM-yJM  MftijJM 

\aeatuutr  a  Tea  entua  y»r’«x*urt  ko£-J*c»u*t  ipri»x  no- 

/• 

VaacTOx  1!  (par.  2.  6;  xaparrrpsjjcir*-  pnyaxcrtxt  aexpontpoaxo- 

(TCS  lofpjT  avxyzjraora  a*r»a  cc**-pxo-'^7»  lupork.rrHSt-  •ao.i^srsM-ta* 
r>C*e?lB  <7C\  T.  r  OT  IUCtV3l»-atn  MfTX  LoOrplROCTK.  CarCJraaC*  C 
aicwy  WPJJWrt.  K3K  v7  OrTJTpa  »  |Ul«Ur  fTopoxu  nrftartOiUtCJI  SCr 

•miwur  cCoarrc  Kest^cra  x.v.vnsr  o-'pJKU.  Ha 

WJfT  T^acTXe  KfiS.-po&rpO«J»©03  JUft-  Ji«A7»oCTi*»  t^OpTBpOM- 

.7*0.  »  ra  rqnrax  vwjksx  mo  ix:raaf  rtnc  Lputnort  C  y*r:i*Rf-**arx 
;mu»4rfTv  u:p>iu  n{«3«  xcoex  MjpanimMfcs.-  K..aiai.icp} x^icr  no«.-px- 
itccia  Tpiioe  ».-mi  /,  npo>ci*c*ex  yarsaxaaaxi-r*  a  fM«  c  janxirterx 
n  x  ai-x*  ci»*7a*  *zKp»-rt»  p*-*uoc7ra  n  vitGeptca  KL»ertt<ti 
Viafxox  111  (par  2.  oupoyerra  ny*a  r>*>*RStncn  caotujafe*  retro* 

’**»•  »  K(iu»j'e?r'4  t/^ouia  ukwiiT  *vr  rr«,^{oa 

kootjkt  aos  o\uob  a  yaw  »•-  x**>actrx  ox  tK?o»*oara  o^m^pxmot ic  (utm-px* 
aorta  u^-upjki  nojsocTVM'  Mr  icatpuBrpuMwxa  r^cf^apotuaa.). 
Ha  jptmi  jw»  i-pfAfiojet  prjnx  jw  *r  icnuu  awm  rare  wnaa  Oic- 
**i**».  f*'}^mtpwixur  tfgvpvyphwtca  oCpiiy*.7  som'mm  ojafQj* 
*y*»  narpiiM:^  tta^  axw»«nsc  pejep*  ajcroxu  arauy  wpae-mK*. 
<frm  rrcToru  utrerpo  Mntcjaaarrra  a  pa  jurvartticn*  nuxu.  yac.icnaMa 
x*ay  cortzrJita.  xto  cootar70*rnu«»  ^iuoarr  Korw^4tn*WMt  x> maa.  t.  c. 
cjifcTnauf  anv;->J«-poRCOC7*  Tmcpi  manor  acixoiite  C-coosxy*>  koswkt- 
»}  k>  Eearpxaocxs-  a  *«  .iffv.  a^J^paupyucx  ct  \xr7Wf3ns  sirpuM.  pu- 
tjtux  a  exopr-so;.  -^coassa  ^expowycrofM.  tm  oaaayxw*  c  wtrxa.  lira 
KOtiKTiux  »oa*  ..iBtrn.  ar^rT  w  xax  wm*^  firJor. 

3oej  rertumra  npe  rxaxoa  capj  urjtrnaot-jx »  aaLtarurr  xr  m-ixa.  xo- 
Tcpur  itum  r_i»crjk-7c*  a  spt>au<iuoa  o^npaairnaa  or  npa-7cjR*-:«ai»  xa- 
.xmtarro  raatx*»m*-xo  jotK.ixatcJi-aoro  yxeaaa.  T.  r  arc  xtnxn  k*k  Gu 
•aatmfaajirna  ;*riKt  sw.  JloiToxy  ar-.ininuy  >onu  rumvinx  rauxoro 
nCpluu  zuko  tunsn.  rpbkxsjumi  anVauayn  aarpraxy  A?  Ilrr  t<r,ni. 
paacr  cjnraomr.  nn*««Tim*  a  a»jr-  sxirp^rpurjoncy  c  tupxaaoa  »»o- 
aor  a  soar  eporxuuuaaaaa 

Vxictok  IV  (pac.  2,  :>  —  axo  oSaacxv  xxurcruss  KtKp^uycxor  cpr- 
xpacraar  feexa  aoaw  cartoc^«s  «  yaraanr  ac»  a.nrrj3imut  rxo«ir»»  aoaxax* 
TXpyX'Ori  Ort*rptRorT«.  TXO  mvw:u*>  r«'*vjr ruxij.  noatcwtniex  loarxs^rrKols 
3r^opaaaa«  *  uoarpxftorxcca  c.xor.  Kpcaax  aoaerr  wt  5ot:wHjn  mvnu 
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Tum  o*  sr^ui  atyx  c  trsjrr  otjjti  lyc^BwttfK 

7r-op*a  s-vcDjz.  u  lx!  s  J\  pnctnu 

—^ai  :c*fes  jcfAT.^ic  a  a.i2c7xw<-:a 

ffifcvuM  »*r*x:r  «•*  >*u  ryrTM  bww.  >3- 

•nem  <u;i{«au«  s  ^trjuwo*.  n^^mi»sn£, 

-iii.  jti«  pm  ;a«xu\  xjup£i*->t  s  i»«nni' 

;n*<o.ii  jiok-  if-3  /U  h  {«•  wci/^u  so 

x<  ,1  Cr.lfoBkr  .T  V!UJ»  •*,'(.»  \XfeCTOK  1 

k<l:  »  ap«>>rrBUf  >sA.*Br  nocyr 

••,v»‘«ei(i  isrMKc.i  :>«»  aa*  4Cn  s:^Mou>rta  T«*k  h*k  iui 

/</'  ,'t3  .H^ut  P+7Jk;npyM:ui  t«  jwv*  s«*nar««o  p«Tl 

1-  C^i  fallen  ;*».|UiU\  W*IJ«83J.  Epwlton  Tf« 

k;.?i,  i  !.  vi,  xirwrac.-*  >4^}«  (n?tr«Tt*. 

Jinnctlbta  iM  IV. 

MuJirw  B2^r*zdr«*  wimna  KNinmor?  M«>*oyicT»a»,  n»f3- 

*  lit*:**:  rt#:^.  >*  jwicp^PUUKrtM 

Mvxtt  t'irix.  *'.','auw^wr:  .in*  Cf<r»t>ei  s wn- 

hk*.  ►<»»»C<1^ i«  \iM^te  n  2Ut.iV  Iwjarrtu  r?~  ivtx-trta  jin^MOt 

stM/rt  spraxixniau  r<maoir*in«  Krroj* »-»«■.  tikki  uk  0*- 

PXCL:h»-  r.<*^\»CTR.  fxXTp^vii  tfioCw  I  3?. 


yn*^«*r 


Hxrm3 
2?  l  tr* 


.iirrTfAT>TA 

*  0  J**l  7ras5  fc*v  S*c  Ua'**.  t.  1«  (tK-«  1  5  r  Wen. 

i  «•  W.  •  £  L  1  AW.  Sl«i.  *  IS  tlVA)  4  ft  D  »««*£«.  W.  X  »•- 

If*  '?  tl.  h-^  lt>:  ■»*■.  Iirfft  Otl'"*  r!  1?^  V«k.  Hit  I?ji  *  £  OG~1e*. 

*  PiwTL  J  Stfi  ft  A*J^  »  J.VJ  ‘rtly*.  •  /  i.  a.  X  5***  £/ J<f^v 

,K s-.  j  j:  i  :  irc=  *  i.  /»•*-«.  c  *  %  iv*.  si  2«s«* 

«.  ip»=M  II  .7  .1**-^.  (t  15- wa^  fu*ttww  K.  rtTIT.7.  t*H 

*  X  X  Jf  Jr  frr~-. -****•*.  K*->}K»*rv  T?*=y*.  SC  W*=m.  WC. 

*  .1  A.  fu»«.  Tr^f  Si,  r*cw»»H?.  tSi 

"£#  ttrr4««*?»k.. .!  r.  iwt  .t.  JlAH.  T.  'V -V  -.  (J57?>. 
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on  .1  a  ;i  u  A  u  *  a  t  M  h  n  111)1  C  C  C  P 
1070.  Tan  lilt.  N  I 


VflK  031J4 


i;i>iicT\xntn>Mi>ii!i 


II.  U.  tlJlIOCIIIIIU 

I1CC.1K.IOIIAIIIIK  OCOKKIIIIOCTKII  ItlKM'AKI'AClIIilX  C.IIKKTI'OB 
n.,iAnioi<viA:iiiii  11  .'lAimniMdr.Tii  ot  coctaba 
11  i:ti*>i{tm*iioii  yiiuiwio'iKimocTii 

t/luhnu in*  iiiImhm  H  0,  Outturn  I  VII 1HI) 

II  UrtUAlilCII  t|H'MA  UO.H-AIJP  IIIIIII1U.  tllllHPHIItllPPH  M  Alltllllpfllllpd  l|iy It- 
IIP  nnj».VlfiGpu:i>AiNlllk  UMIIP||J.IUA,  >l|.IIH.tl-M.II»T  HIIHMHUtll’  MlllirNA  IIPP.IP.IO- 
kiitiMiu.  I’.jhhiiii'  iippitii.'imiiiiux  |Hii>ipiii>ri|i)K7yi>nu,i  m'p.n-.ionDiinll 
iit.xAb.iM. 111  fitiiiTtu  nx  k  |i.i;i|.ii,|)  yiiiijiiijuHUHiittiiiiiixrH  THcp.iux  I'MCTRopni. 
Jim  CAmii  iaa  M’iyr.inN.iMiuiA.i  upi/mim  k  iiiim  i.hiiiIIIpiimp.  i.im  niiii  oniip.tP.it'- 
U lib  lpfMil.lHliMMII‘111  kill  y.ll.llllll  l>C|>ll.1l>lliimiH  llpl'.lrlilHMtP.IPlI  I'pyilllU 
ui'.iPMUx  tunaluA  Mmiipi  ii|iitinnii  Iin.ii.jy  h  iirr.HMini.1111111  iiii|it>,t  pai.iHUio- 
lb  rPUpJAca. 

ItCC.IP.IOAAHIII'  yll('|IN,|n'IPIim.lX  i|hi|!M  mill  Ill'll. I.I.I'HI,  I  r.lrtll  1 1,  II  M  X  lipM 
lilt]  Hit  I  1pMIII|i*1>;>.iX.  II  IIP)  IIM|>li;i"'HIIIIUA  <|«‘|>XI.  (1. .*11.11.1.141  il|lll  MIJCHIIKX 
1rMBPp./ly|/tl»  lll'I.H  l*M,l|IPt  A  ll'H.M'.llll'P  A  |  i'll  A  Will'll, TI'.llillMlI  llim<|K'C. 
OfuOttltttU  ppJ).il.i»,l.AIIUM  HK.IHPlPM  Hfl,1l',l"II.IIIIH'  .III ’ll  III,  .1.111  imfuporo 
U|'OllPt  1  U  M-AI.>IH>|IH.|tHIPIIim  Il|«l1lllll-if  llllllinlllMI.I'll  ClJftfiO.  lipOMP  To¬ 
rt..  OJbCul  Alb4lt'1  |HirrbJf|HIIMt*H'H  HUM  IIPXH  •Hull  Mllltl|'lll  3,1  A  CPpHM  IIO/IP- 
pui  mmiroA  Aoirp  p.miiiiinro  phpiunii,  f.P,u'ili"  iiim'.k >,.ii.iniiilJX  A  npitpoA*  ■ 

A  yC.lbAMMX  PAII1l1.il  l.lll’.ll'IIJUII  Mil'll II'|..I  II,M'III  l»>|l». . . 

Oakum  mi  miiu.ihb.  ihpi.mj  •ijhimiiii  i'.iiMi  11  11  im.iipiimh  poctiiho  M 
«1|.)A1)|'H..|U  l'«1"H""H  MI.IIINilTHA.  lllt.llll'TPH  Ml'TI'l  lllll|'[i|||l|i»Pllll(t  PW'KT- 
|l(lMbllUM,  It  |l.lii',lilX  Cl  H  C)  HIIII'IIM"  014, Hi  Ill'll, '.I, Hill,  '111'  lyilH'PTttyPf 
'lIlPt'.ll'.lt'IIIIAN  M>'|i|H>.IHIIH'I  Ml'W.'iy  IIIII'IMI'IIHI'M  ll.'IHP  II  l|ll>)>|'AH|iarill>M 
f'.MT|H'  H  lbP1AIM.il  IIII.1CHMX  III  Hill  HA  H.IL0l!M>llli|i|IIIH»«ll  tl|'ltll,  II  CPpilll 
pu’ibT  It  *'l  M  Up.)  Cu.lll  lUITMt'tpPIIM  lllll|'|IUII|l|ll  "l.lr  llll'MlpM  ll|llipu.1IIUX 
II  f  MUTrlUHirMtlX  II.Mril<iK.lil.t"A  A  lllliptiK'iM  Mil  li'|lH,<,ll‘  PIN  TnlinH  II  Cu.1l  nO- 
H.i|iyMtl’IIH  1*«IIPIH|iiPfL  no.|HM(i'IIIIN  III', UN’  PIII'KI|'.I  IIP  1U.ll.Hn  OT  COPTAtttt 
EO.IOAWX  UbJll'H.  Uu  M  Ml  M.lMl'IH'IIHH  SI— A l-> tf •|-H,|i .••!'« II"P TIT  A  MMX,  lllltltt 
pttClITMX,  M  l.iHMH'  tVl  IPp  IHi.1  IIIIIMH  HPP.1PAAA J II Mil M II  ('.  *|  ClJ.ln  >MIIH,K.lpllO, 

•uu  iiahCimi'p  hv api mutp.il hum ti  k  iixmi-iipihimi  pih  ihka  ii  ci|.yNiypiH'ro  cn- 

PTUNIIAH  Hit  IMAilPJ  Il'i.VifU  A  HiVlAPTM  li.’JI-  HJO  II  .VJI-jiO  PM-',  ItlllliCMMUC 
II  MU.T(C»IIIIHM  0-5l(AI) -O  H  O-PI-O. 

II  .l.illll'llt  IMiCmIp  Mlli|'pAII|'Af HUP  Plll'KTpU  A.Tl/i||T-»IHipTM10AI'l'«  |>HA«  A-1M 
II.rTAtti'H  M*  HHI’.,  An  Mpilpn.lllMA  A  PNIITPTIIMCPIIHX  IlCpAIIIIIA  0IJ.1H  AttON- 
MIIU  A  hC.IjPIH  t.'iUO -  ’llW  PM*1  HA  IHIil'pAHpirill'M  I  IIPII1|>Oi|lil1bHPTpp  UH-IO 
llli  MPIb.lHHi-  IIAP1U  N  TllllMl'.IHPIH'prllWX  ll.T'IH'lt  IIP  IIH.'I.HItMUp  II J  KHr.  II* 
IHIP.  1  HOKA'AHA  .THjrpAUMA,  IHtTpOPIIIIttH  ilKIl'pllH  110  1'TIIM  .1AIIIIUM  U  OT- 
pttMtttA'UIttM  XJAItPIIMlKTL  MPVK3y  POPTttAOM  -  l'„Ml'P0M  M.1AI  IIHM  lllllll  -  II  110.10* 
HipllU'  V  IIH.TOP  lll'MOIIIIIIAH  I.  H0.1HCTH  ti.'lU-IO1  PM"'  (v.l  II  .Wl-.VIrt  PM*' 
IV.).  ^luArpttMUtt  UOAttaMMI'T  puAffP.ll’NMP  M»  .to,'  Al’TAM.  PMMKHUIHMPPH  A  O0- 

.imiii  puPTiiiMiN  !K>—  IOC) '«  Ah.  lIppxiiNH  apthi.  -  All  nil. . .  -  100% -IIU A  An, 

XApAN'.  Nlluil  ,11 A  HpllpO.lllUX  IIAIIMOTPMIII  |'|I1  yplIUX  lt.lnlllHK.1tt.1HA.  IIhWHAN 
aptal-AI>  puu'kiiII  -  IiwVhuH  An,  tuiiiihimII  ;nn  piiiiii'Iii’ipckiix  »we«- 
KuTPUlIPpUT)  |HIMX  ll.lliritHK,t«.1UA.  Ve-lblllll  PIIIITl'M  M  ttKCIIP|IKMI'IIT*,1b|IM« 
ppjy.iLtjru  no  AimruoPTUKc  m)p«9U0»  n.'itii t'l'K  iu»qh  ii|>hii(’,ipiiu  *  puSinax 

<v*>. 

4*  til 
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Mu  bbabm,  hto  AHarpaMMa  puc.  1,  AeuoBctpypywman  pciroc  puaAO.ieaffe, 
a  ocoCeHBocTB  b  oCnacTg  coctsbob  0-80%  An,  bc-tbcii  nuroioix  ii  hhifhx 
u.*jaraom.i30B  AaCT  opunumiBaAbnyw  bo3mo>ku(XT>.  nonmm,  cpuacbbh  ne 

TO.lbKO  0  COCTBue,  00  Tflk>KC  0  CTpyHiypOOU  yilOpMAOHCimOCTH  p»AB 

NaAlSijO,-CaAl;Si:0»  Oea  apoBoe^eBoo  aanuux  Tpannimoiiiiux  me-toaob. 

B  CBHJU  C  OTHOOITCALBO  BeoOIMUHU  KOAH- 
qcCTBOM  9KCnCpUMCBTB.1LllMX  ioxeK  AHa- 
rpauMU,  b  ocoueonocTH  n  oGiacTn  *nepe- 
ao bbmx*  cocTaerr,  Tannx,  Banpawep,  Kan 
Mi  30,  50  b  op.,  Lepooino,  hto  npH  Aa^LBefi- 
ijjbx  B«AeAOBdiinnx  bctbii  Moryr  np*o6* 
peCTB  UeCKOALNO  BBoii  BBA- 

Hah  do?'  wiibh  KoppeKTHoro  cneKTpo- 
XkHB'iccKoro  Kpiuepnn  cTpyiaypnou  ynopn- 
Aosc' nocT»  □AdiooKAaaoB  ue.iccooGpa3nuM 
opt'Af/Ajufi.-ioci.  nccAeAOBanoc  pnoa  nnarno* 

KA2303  C  UOCTOHIIHhlM  COCTiiBOM  H  MeilRIO- 

aiencn  b  lmipoKux  npcjun.ix  crp>  KTypaoit 
yDopHAo*JcmiocTi,io.  OTacqrioinHM  stum 
yCAOBUHM  BB.1RIOTCH  HyACBUP  aAbUUTU  0% 

An,  aah  KOTopux  CBHiea  rapanrapyct  bov 


— . — i  .. 

UUU  0W  bUU  4UO*CU': 

l*HC.  1  p M.  2 

Pbc  I.  aaBiicHMOcm  lacioTW  nonor  nor.iouiennfl  *  n'oaciii  f>V— cy  « 

— MB  CM"’  Ut  MCtinn  m  rTrn«-H«  vnopmuM.  iiikktr  muMomaMj*-  /- Hnil.ftifna.'- 

paiypuu*  npppoAiwe  oAamoKiajw.  2— lucoKOTfMnrpai 'pnue  cumrTUHefKH*  imj- 
TUOKMiU.  2  —  C«MTCTnieCKn«  tAkGjITK  4  —  opupowui  mrvuii  *iui»T  { \b-0t>, 
5  —  tin  «huu  au’boui 

Poe.  2  lln<}ip«j>parmjp  cnektpu  paja  bucomiA  —  aujKnf:  a.-u-Gni:  /— 5  —  cimtetnae* 
exit,  6—  npttpoaouu  aavGnr.  Ctt-aoni  Ttmk.u'Miof  nr  7—1,90*;  !.6I*;  A— 1.49’; 

<  —  1,40*;  5  —  1,1  R\  6  —  l.ly*.  3jn*i,yn},on  oOojjiaHCJia  nonoca  mjcib 

MO'/KBOCTb  noAyiCUBH  OAUO$a3BUX  oGpj.UOB,  HTO  Tp>A»f>  10CTI1>hll>H'  A?" 
nnaruoK.ia  ion  AP>ni\  iioucpob  J1.1H  aT<»u  mnu  ll^i'Kimou  ("}  Gunu  cuuto3B* 
pOBaiiu  16  oGpajuou  D.ianioKAatoB  nuipcpuixiuro  p>na  i  mmhjiih  -  iiimmiii 
aAfeCui  raopoTepiiHAbnuu  ueTOAOM  ui  rcAi'oGpajuois  aiuv.u  coctjim  Na*U* 
•A«iO»*8S»0:  b  npHcyrcTvnt  0,02  h  0,2  A  p.<(Tin»poB  NaOM  upu  TCMnopatype 
350-ST^C  n  AaiLU'iutu  300—10011  atm  Cipv i.t> pnoc  locTommc  muouhb;- 
aocu  no  cTCDi'iin  ipmuiunnociD  (yroi  in  >r.iouoro  pimicnAviniH  i>c»l>.ieh* 
COB  131  II  131  (CuAVlJlAyieBBe)  ,m)  Ooiu-Hb  TI>UK.jUlill<»CTH  no.lJHlIIHUV 
o6paaQ0B  Mcnanacb  b  iipcAfAax  1,10*,  t  c.  ot  oohtb 

no.iBocTbso  ynopHAOHCHnoio  ao  DPjnopnAO'iPnnoro  coctobbuh  hpiicraiAHHc* 
ckob  CTpvKTypu. 

KoppeAHUBH  MeH\Ay  pCayALTOTdMH  lUnlipaKp.lCHUX  n  pOUTrOIIOBCKBX 
■ccACAOBaenQ  (puc.  2,  TaG.inua)  mi<i.o-iitA.i  ycTanuenTb  ■i.ionciiMocib  Mo.hA>* 
HaCTOTaMB  V,  B  v:  H  CTp\  ».T>‘ pilUM  VOCTOHCUCM  ByACBOrO  3AbGnTA.  AnaABTO- 
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AoK.iaaw  A  k  a  a  c  m  it  m  Maya  CCCP 
1976.  Ton  231.  Jft  3 


VJIK  518.736(5)  HPIiCTXlJ0rPA<PJIff 

n.  A.  CUtfOMUPCKIM.  M.  a  CIIMOHOB.  akjacmiiK  h.  b.  kejiob 

KPIICTA.'I.IIPIECKAH  CTpyKTVPA  BAPATOBHTA 
KUjCafTij(Si,Oi»]tFj 

Kpunai.iu  Jiou»ro  m*.iuKaT»omii»ro  cinni.ar.t  CapaTomiia  no.iyieuu 
\lnncliaioru*icCKot<i  m\  u-m  um  A  C  (l»op.  \uim  aH  CCCP.  Ciihtuc  c  n.ia- 

CTBlitaTOlO  MOIIOKpUUd  Il.tlOl'i  Ou  10MI..I  ll.ip.lMOTpLl  MOIIOK1IIHIIOH  KHCMKB, 
Olipt.VMPHHLU  It  \70'lll«  IlllUr  II  a  JlllTli.llStpp.lMUMcTpt  P\  *CllHT(.*KCt:  a— 

A— 20 V.  *-112,40(2)*;  V -3 195.8 (2)  A*,~ 
>Aua'.eTuo;iMTO.ibHo  cor.iac>K>TCH  c  aaiepaiypauMa  jiabuumh  (‘).  Aea.iaa 

l. 0*!n.iei.ca  BchTOpOH  II {>H MOM  p(> 
uu*T.,n.  DO.iysoHnoro  ua  aoTO- 
Jllijip  «KTOMOtpe.  HOATVCpAU.*! 

U  ueBTpuponKy.  a  T.tkwc  noarKa- 
JUBa.l  HO  IMOJMlOCTl.  nCi-B7on*K' 

C tlODJ.1L.no II  HHCitHU  C  tiapdMCT- 

p.«Mn  a«9.774(4).  5^9.7  >2(3). 
c»2X19/VJ0(6'  V.  a-89.9S(3)°. 

*~y«.97(  tr.  *-11985(2)*.  ripa 

<pop>4..io  KLfCa,Ti:|Si.O,,];F\. 

MoaMCHHOn  b  \o;u  pannntppoHMi 
c;p. k:\pu.  u  ih.iT 

b  UOliOMMDIIOll  HScllM-  iOlOp 
«KllTCn  Z"  I  t)nip>1>.lLHUV  (  TMIIIIU 
(./,  ,.  “  -  ^  i  I  CM"  J . 

'll, cut  I'llMCOM  *.».ll|Jl.  It.iUOp 
22(»'»  lift  <HIltllMU\  !'•  -JfHWX 
i/>l9«io/i  ppcjncucon  >apcr.i- 

CTpBJM’HJD  11.1  T<»M  H<i*  .  *tlO  ttt- 
4>p.tM<iMf*pf  MrTOflCM  I>  :  0  C 
mpiMOUIO'U  O.ypOCTMO  CkaUllpO- 

iMiiri*  5-  J*  rp.t a/mru 

m. tx'tfiiBP.  tnocMi::  rpai*nouuu 

max  ('in 

*■0.'*  V*  CuruM.iTUivi  nuraca* 
b Mi,  fio.TTBcpio.ia  ninJ.p  iKunou* 

huu  H.iacc  B - 6.  j»i.iH)H.‘iojunn 

3BP  4-oaoponcKox  rp\  Jsibi  (4».r.) 

C,*~Bb  u  Cvt—BZ'h,  Butpimio- 
inupca  iid  <]<>nKumi  Il.iTeptona 
P{i^u-)  rniMiU'  iiMMi « 
iinaMu  m-0  iioiboiniii  li.oiari. 
paOUUi^pOBI.V  B  UPIIlp<H  IlMMtT- 
pUWBOM  .iClIOMf  BOOM  l**f  TH- 

h.ioum  aioM.iv  (Ti.  Ca.  K.  Si} 
u.i  ncpiiuv  Dt.uta\  upitmicbiBa- 
.met.  /-i.pQBuo  Ca  (*).  Moioaom  pom6ob  dbkob  (j)  yAa.iock  .ToHaanjoBaik 
n«T|.  a  TOM  OB,  <}'3KTt'p  p.iCXOAUMOCTn  llpn  3T0M  COCTdBII.l  51%.  Jl.VH  HcMQlll# 
iu,>.t..«iumc  nonwTKti  pacnimppuni.H  r  paMh.«\  ipximu  l)Z-h  riuii>,unu  uepeft- 
TB  K  paMPTJM  b  IfMlIUOp'i'llOH  fp\UUC  W  .  B  dUOUTpDSIIOM  B.ipildHTC  nO  C1B- 


TaC.iaq*  1 

HoopantTu  Gianciuix  atomob  b  m  toTpoaeut 
tcnaotue  ^RTopu 
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1,00(36) 

an 
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M; 

<•  ::45(^i 

j.  ~il)iO  -*'4hl  1 
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0.58(4) 
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0, 
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Os 
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0.iA»(3) 

jO.i.MIti 

0,b4*10) 

Oi 

*a.44:20i 

'j  myvi 

*1.90(101 

0# 
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fO  9800(>’ 1 
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0: 

k*.  *#!5(0 

O.I»  '-(o) 

404010, 

0  74(10) 

0, 

ij  52  f .) 

C>.r-  ;(J) 

i  ‘*4  J(6i 

O.K-MtO) 

0* 

■>  ■  ;md 

V.'aSsM 

'.34  10(01 
f-2  !(€•) 

:.»•  (11) 

Of 

I..AVI  ) 

o  0..K  ) 

0/»2i  10) 

On 

r*  j 

!•..  (-M  ) 

.  »7b9(6> 

1  1.1M11) 

0„ 

■i.  i :  K>(  *t 

'‘v57(0) 

1  O.SJIIO, 

On 

l».2*  i2(0 

h>.  o  •<  ) 

1  1,00(11) 

On 

•  1.4. *0(11.)  }•  1  .*1  ) 

.‘51  i(G> 

1,01(11) 

On 

■>/ro(  ) 

-.Jyl-MO) 

0.^1 (10) 

On 

U.u%(0  to.H-S(0 

'J  0120*7 . 

t..’6(l!) 

On 

0.1*76(4) 

K),2442(  > 
W. 34.0  ft) 

C  w7?;v» 

1.16(11) 

Of 

.O.uW5<4» 

0,15»9(61 

1.05(11) 

F 

|6.C4I2(J| 
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T*6aan*  2 


MeH.jTovBue  paccTOjiBit*  »  cipyhTypt  6»p»to*mt*  »  A 


Ti  '-Taaap 

ta  -o»T*«Xp 

C»j-0Kt3»Zp 

C*,-Ov  t>*xp 

li-O-  1943.6)  j 
0,  l'*33.6> 
Oit  1**44<6>  1 
0,.  l^fG)  . 
<*.s  l.°'<0.0)  I 

0<i  1  MnCi  1 

Ct,-0-  2  400.C.  | 

O  2426,6’  1 
0.  2.410ft.  ; 
0.  2  400(71 

0.  2  450(6; 
0/  2  415(74  j 

fa.-*>0,  2  4i“«6. 
20.  2  42')f6> 

A  2-01(6) 

Ca»-0,  23*13(71 

0:  2.461(6) 

0;  2.3S3i6p 
f),  2.403(6) 
0-:  2.404(0) 

F  2.344(C> 

GpCZSM 

Ti-0  1  *-45* 

0-0  JT'o 

C- -0  2418  S 

0-0  34<i2  j 

Cl,4kTN^  1 

F-no.T*j;r 

Li  ••rtpwjp 

LirT«rpa«ap 

Ca.-O:  2^2'6>  ! 
0.  2.43«tG.  1 
0,'  240!<G.  i 
0.  1 4*’*'  7  * 

0.  4  <*  6  | 

F  2.314  6*  1 

K-20,  3  20M> 
20, ,  3  OSS.  7. 

1  2ii,.  CIS.'G 

20, «  *;r.M 

1  -0.-  2114(61 

1  20, »  3.121  #0, 

la  -0.  ]&<A'18  I 
0.v  l.*J(i(l* 
On  1  s  <*•.  17'  I 
0,»  1  VJ»i(l8)  j 

L.»-20,  1.026(11) 
20i:  1033(9' 

OpesBM* 

Ci,-,o.F;  2i“i 

r->0.h  .v»i 

K-0  3 137 

0-0  3201 

Li-0  1 

0-0  3<*« 

Li;-0  1030 
j  0-0  3121 

|  St  -rrrpjJ'P 

:  Sl/-T«rpJW7 

i 

j  $i.-e  ip-  >ap 

5..-0,  1  gig.  6, 

0  lbO«7) 
0,  1625,7; 
0,t  *-**  --‘iT, 

!  $»:- 0,  16*.M»  j 

i  Or.  100.(6’ 

0,*  1  u*$.7  • 

;  0,  1630(7) 

Si,-Oj  I6l3fb> 
0.  1627(7, 
0:.  10*7(7' 
On  1.U>*>(7' 

•»  *.,-0,  1606(6* 

j  0.  1C03(G* 

I  0,  1  622(7 < 

:*  On  1630(7 

> 

Cpez*  a*  .  ^ 

?l'"0  I  u.  ' 

o-o  ig;.' 

j 

j  o-o  I* 

i 

i  1  */2i 

1  0-0  2645 

i  .  . 

t  N.-U  1  bl» 

|  0-0  2  639 

Si  -T«pa>5p 

1 

1  StrTCTP-^P 

Sis-o,  l&>4,6) 
o,.  i  coc.:; 
o„  i.o24 : ' 

0-«  1637.7' 

t 

!  Su-o.  1.508(6) 

■  On  10/7(6) 

0,.  1.635(7) 

:  0«»  1.030'T) 

?i»-0  It  16 

0-0  2.640 

1  Su-0  1618 

j  0-0  263$ 

1CZAV  MfKTpo.iuofi  moiaocru  p{xyz)  Gum  .iGhaiu  <OHdi«!4  22  «TH»<e.nw^ 
aTowa  (tf*^27.7%*  Ha  ipexMcpnoM  cmiu’tc  p(x;/z)  *uai*0- 

.loci,  uic.iopo^i'oc  nait;i<  uuu*\  .homod.  wopoc  noixft.m.io  paa- 

jwin.  »\  no  topmocTn  a  tai/a.i  uwvjwnnii  btomu  Li  .'Incicmie  K- 

Topi-.  poMioo  n.»  3To\j  ai.'uc  lo/.l’'*.  iipii  >7o,nst,Uii*j  mctoxom  iiaitMeHvmnx 
Kb  a  ji  .<tob  b  H3oti>omk*m  iip:nona.emjn  cmun.-ioci.  ao  5,6%.  Ilo- 

CTp  -tlUi.IH  MOJC.Ib  CTpVKTJ  pM  GapaTOBHia  rOOTBCTCTB\OT  lJ>0;»My^C  KLijCajTl: 
|Si»Oif ]:F-  BiiecTO  KLi«Ca*Ti:Si,iO,iF  in  (’).  H  cb am  c  ueflipocaMMorpaq- 
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BocTbio  noayteonoiii  cipyxiypu  Cuxo  npoBcaono  yroRaeime  MHH  b  nc.mo- 
xaipBinoM  BJOTpoQDox  Dpu(wo>KCBuu  o  paxKux  roaoaapu*ccKo&  rpynnu 
B2/b  ao  /L*j—5,6cfo  Ilpn  otom  yMcHtuiu.'iuck  cTaiiaapume  oncioaesKA  b 
pasGpoc  n  McJKatouuux  paccroiuniRx  llepBOuaxa.ibUUc  .MTpyAueuBB  c  ona- 
.nusoM  P(uvw)  6una  pe3>.ibutoM  nccBAOcnuMcipuaBoro  pacnoaomsoift  60- 
Ate  «tbh<c.iux*  Ca,  Ti  it  Si.  Jana  ion  BTenume  Koopaauaiu  d  paxitax  rpynnu 
BTJb  C  B30TponUUUB  TeOAOBUMS  4>»k- 
Topauu  s  ucHsaTounwe  paccronnim 
npUBCJOBU  8  736.3-  1  I  2.  Bee  paCBOTU 
BunO-lllOBU  B*  CnCXlBaBUBpOMBBOi 
cBCTcxc  XTL  «CameKCt. 

KoopanHauHounue  noaftaapu  bo* 

Kpyr  Go .acc  xpvnuux  btomob  Ca  —  ya- 
.lomemiut'  0KTa3Apu,  yaomcHnuo  ft 
naoTHeiimnu  c-iou  (C3«>0«F]AA 
(p«c  1.  2).  B  oKpyweaai  Cax  •  « 
ywtaytor  jtomw  K.  06m«e  pe6pa  Ca- 
oKiaaapu*  yKopoteuu  ft  CpTABCM 
AO  3.0S  A.  y  Ca,  lspouo  G.iHWafimix 
ou  fin  aiowoi*  0  cmc  oaa  yaaacHu  at 
2,897  A;  one  AOCTpanaaioT  OK*Tft3Ap  flo 
BocbMBBcpmuHUBi.a  c  oOuimmb.  yKopo- 
iciiuwMM  Ao  2.01  A  pcCpaxn  c  Si-tc- 
Tpaaapavu  V  nao.iu]H)Hani(MX  Ti-okij- 
DApou  >nw  O— Ti— O  pamiu  83, 01"- 
93, 5C  (90' i  •.  IxoopAuuaunomiue  uo- 
.AH.»apw  Boi.pyr  Li  —  j  n.intQviiiiuc  tv* 

Tpas.Apij  c  p^GpocnM  vr.AOft  0— Li— 0 
83.6* -130.7*  (113,0*)  -ra.Ai.no  ocha- 
mcnw  3a  ciei  ootiuix  c  Ti-oKiaDApauu 
pcGcp.  i*oT«.pi40  yKopofteim  ft  tpt'ancM 
ao  2.t*3  A.  Kjk  uitci.itraopoaiiuo  icipa- 
aarj  iionni  npafcit.ibuuo  c  yr.ioun  1*»?  i  Capai*r«T.  Uf»*>.uuji  zir.  C* 
0— **»— 0.  P3BBUMB  101.0*- 115.1s  ».j.auo«  T.-mrpH. 

7 citfi  tt  r  xo»K 0*.  h  — Nepautia  xs* p**«,  L»  —  «•- 

( lW.i  I  iuOO.lklllOC  OX  tlCh.IM.iMIC  ,jvui  lit-]>c>.purj»>mur'A  K  It  Li  vIN' 
r.AC.ACAL;:;  cCbSSX  C  K  P.'J.'2.*a;m.’A  po-  si;-! ^MoniAtiu  Ha  bciihruv  OC 

Grp,  >t,«i|iiHrii»uv  .ao  2,53— 2.58 A  annaft 

Ss*TCT|>ft.<  tpU  CBB3HUU  M  IflCCICpKUO 

hO.At.ua  c  yr.iaMit  Si— O— 'Si 

1503*- 1  (133.4*;  *lc7upo  aroxa  K  u  coalman  x  4e  (0*/.:)  na  tioao- 

pOlHMS  CK“M\  2-U#  nopMAha  pJJMUUaiGlCJI  li  0>C70taX  31C.Ka>  OftJXfl  ai.Cja.AL- 
no-cuwui  Aj'ifimjutt  i.o.ii.iirxit  JSj.O,.)  it  M>op4tti(U)K>iijiiL:  no  ukc.iioiij.il- 
lion  ainnnpU3'«pcoope  ihiimii  piGpavsi  ochoh.ihuh  2  50  A  11  iiaiwAounuMi  3.$4  A 
HaK  1*1* ABO  04  pm.  I.  J,  Cl|l>hT\p«l  GapJTOBIlT.t  IlUAoGtM  GnOTUTuBOM 
c  «cepAcimn:oM»  «j  n  ic»Au«*>n.*KOMiiiiu\  Ca-oKTajapoo  koto* 

;>uc  (Ovtu  c  auyv  ciojKHi  hpoiiiCMicAopoaiiM'iu  1:0  'i.'iyiavin.  norirjittu*. 
nanai.o.  pajopnanu  11 «  a«ichiR*A«ue  un-CTrpauc  hoaiua  lS>.0,»)  upoiunoao 
.AoBtnoit  no.Anpuoctn  tcnoG^,>iiUMit  arpinun.-Mii  si-TcTp.isajtOB  k  Ca-cepaii* 
nuKy;  B  cttntt  c  ami  .»u>OH.«tuocTtKx  o  ii|*omcb«\io«hiom  37,./«.c  mc».a> 
TpcxcaounuMO  luM-TiMii  Si  -  Ci  —  Si.  Kpt.vc  Kp>nnux  K.**Tnom»a  K  (xrway 
#so.AM\f,TMU*.  1.3 k  ft  Gnomic).  pamonaraioTCK,  oKpx'J.an  K.  cmc  lo.ilu*. 
h  KoinptJA  ftfpcayWTCII  ’I  t*OK7H.»ApU  C  Ll-1P7paD.ApJVH  COft»  ptUiUnO  SUa.AO* 
ruAno  Al  — Bc(Li)*KOtm4Mit  (x^mav  a*y«ft  Si-h93LaaMB)  s  ocpj.A.AC  mmv 
Ci  —  Bt -i.o.ALnav  b  wmapino  1«k  ub  6cp«-A.Ac*Mn.Aapmc  ho.ii.ua  SLOts 
(Si,»0»)  aa  ctic?  iiaxftanntttxca  in  may  ubmb  Tt*oiaai.Apo»  rAl  «  fcpsajt. 
Ca  b  MaaapBTc)  n-iammo  noatpnyru  8a  — 304. 
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EapaTOMn  6‘.»3uk  i,  c.ioiicjum  THTniiocH  imcatiM  —  GatfiepTHttTY  BiFfj* 
•TtOSi:0,(OH):  n  .>CTpo;J>n:rjH7y  (K,  Na),{Fe.Mn):(Ti.  Zr)»(SnO,:J»* 
•(0,011.  F)*.  b  CTpyKT.xp.ix  j.oTopux  nuaf.iiijoTt h  iMOTUifiinne  ohTaaapmc- 
ckbc  c.iojj.  nuaionimiue  Guotiuobwm  m  .icagAonuioBUX!  (Mg.  Fe)-ccpAO«inu- 
k*m  n  oKpyjKcouue  auiioiuiU'm  ce7b'dtfB-*K0ibMvraMti*  m  Si-  k  Ti-no.iK* 
3ApoB  (*).  Ho  b  uax  Ti*oi.TJj,ipu  pacpo.iataiojcfl  octtt  4-ro  nopflAkd  ncpnca- 
aai;yaflpno  caohm  n  M.u.n.iyrc*  (*),  to ran  ksk  b  CapaTOBUie  y  Ti-oMan,tpoB 


■i 


Pac  2  ‘1’parMfMT  np>K»>  pu  •'ap^u.sma  »  opoei-nan  « 

Li.trTpdd.TpM  »UAf.ne«u  mipaioiKoi 

ni*piHH1:iKY.lHpUOU  HK.TMCTC*  «UOBOp.HMMIun;.»H*  TpOUOBfl  OCb.  PdJOpMH* 
I'OifL  l,«im  OUpeac.THfT  XHtMlI'H'IMC  W  U  OKTa-ttpOB  B  Cl-p.ll-JIIHKC.  7(3.r>) 

MM«  l  l«»  M3). 

«l;n  %’onocT.nncDDU  ctpyKTVpu  G.ipaTouui.1  co  CTpxi.npaMn  »n  input* 
o, \ Mi'ii  totoiu  Tun?  c-i'»,3  A,  /Voice  (*))  bwiuouiptch  u\  mmn* 

umiiih-  «vnciBO  1«  >i.  BUtii'*  iii  pnc  2,  »i*p\r  souuufi  K.  Ti  l.i,  Si-iuKct  — 
Taiir*iMM>a  «Jip.tru»  iit  ocv  wii.iinono.iOMiibix  fTpxi.typ  Ho  n  flnpntomirc  no- 
.iHpii.-:<’  mb idpiiiniiui  ,i» \\  n  1.011.11a  (Si,:0»)  pa3MU».ntotCH  n 

at.v.  \in  nitamncTOt  c  imt  n<  Ca  Hpit  otom  iiapivctp  c  \b»omhb* 

»'iioi  n*  ma  okt.i  m;«uk'(  mix  Cj  now  iimpiiiiuii  2. »  A  n  cTdOosnirn  pannuxi 
I**  .'I  ,  <  O  HOT  111  JO.  S  1  \.  CM  M4IIII  imp  .Mi-TpL!  MCCH.,  >f*KCai<-MA.1MI(*fl 
iMpiiOMJTdl.  «l»0pM...1I.IIO  taKOU  •n0|iC\O.'l*  Mi'/KUO  »  PC.1CT.1B 0Tb  cnc.ixiomaM 
oGp.* 

KLi»Ti;|Sii;0;  J  •+2(Cn**0«-;K)— KLi  ^-Ti*(SiA.]iF,. 

noixw  nuBii  cipj  kt\  p  i  rmpnioitiim  xopomo  o'naicnneT  m.v'Tnnq.itui!  rnGn- 
Tyr  i  .>:t«  i.M;ion  u\  cu.omKii.  n  oiitoicci.iu*  cftoitma. 

1'*  i.  i.wioinr  nmopu  Bup.i.b.imt  cbhk«  up«  •icaten.norTb  10.  .1.  OpioB> 
n  M  \  CMiipiionoii  i.i  ni*c.i(HT.m  icnnwc  onp.muj.  E  11.  ilii.itimiy  ii 
E.  J.  Br-.fiKom bom  ii  iinuotiii.  npn  luoxseiiim  n  oGciptp  im  m-pnnem.i. 
Mocm io;>  mioiu  ximiiipriiicT  noc?\nm* 

nw  M  R  .I'.moh’kom  31  VIII  197C 

•TIITF.PAT3PA 

1  B.  R  JrcMSto*.  E  B  CtMtkot  u  3nn  Dacowm  mis.  oCic.  t.  101,  S  (1975). 

5  Jni  rn  Table*  l^r  X-IU>  rrx«lalk»-nphy.  v  Uirn.jrplmm  I9C'«  *  I*  tf*  flpaUMc 
n  njKpc'w'OVr.itf  mmmi.  fMnun^p'Bi  m  i.puriavmi«ci  rx  c:pu.r\-p  *HIt« 

imr.**  1*.C2  4  H.  Ti  lirjvm  Mm' p^i.-sns  <»  jlitf-wi.  ioc  >a  ra  a  17  (1MV?) 

•  K.  A  n*TfiKo,  A.  A.  BofoMkft.  3  B  nyto*run*.  MaPCpaivniecita*  rp5CTas.iox*»f*ii 
iliTa,,a  M,  i'C(,  *  A  A  Atj'  1*‘  //  /?*•!•.  U  »  Arm  cr;.*!aIlopr. 

Il  ^  1  <r«?2)  1  H  B.  CeKfKui,  R.  //  Lca\q.  .7  //  KpifTj'.wrp-»|iu 

t.  i;» ;  do:;). 

•  rwiii^TMierMW-  rot’.inirram  mu  nj>ato»oro  cip>»rT>piioK>  Titn»  po*M5CH»»op  cor* 

naimix  iK.N*);!7r. M*,Si,:0.-*  F* 
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Jlokidju  A  Kd  jo  x  m  it  h«jk  CCCP 
1976.  Tox  231.  .M  3 


y^K  551.49+5'4b.9M16.95  XJfMltff 

A.  E.  HHKO.lLCKltn,  A.  M.  HOnOB.  H.  E.  S\TA.10BA 

UCC.1  E.IODA  HUB  R3AllMO;tEnCTB!lfl  PE  KCA  HI!  A I  10K0M  11JI EKCOB 
pyTKIlllU  I!  UCMI1H  C  A30TI!0n  KHC/JOTOn 

(DptOCTUAtHC-  anadcMUKOM  B.  B.  CnUtfUHUM  2  VI  1V76) 

Coi.i-«cDo  Mau\ot>  (’)  n  Rapany  c  coouTop.ivin  (r).  iipu  BiamjcaeiicTBim 
rei.camiaiioi.uvtiui  kcou  pvTcnmt  n  <hmu:i  K.{.M(C.N)«)  c  .noxitou  kmc.iotou 
noiyraioicn  ucpacxuopiiwup  h  uo.i**  cocAum'inin  *211.0,  iucn- 

Tlii(*Bm:pOii<<ui<Uc  jKjiaiwuvin  .luropoMii  no  c«*<t.ujv  it  ii.i  iuhiiki  %  b.*k 
cm-hTp.iv  mmium.nou  uuiovu  iu..ieuTiioto  kotcu.ikjih  AO  Mu  oOnapyjfco  in, 
mo  b  cuuk* ‘iipou.iiniux  xai.uM  ui'p.i «o«  !icp.icTBopit»u\  npoiiMax  coaep-i.'a* 

use  UCT.1.1.12  DC  OIBCT.if'T  \  l.a  Mil  I40M)  CWUIIV;  C.i'lU  A.C  U  MUMO.lCliCTbDC 
ro.vauujsoi.uMiiichcoB  c  ajoiiiou  mic.ioiom  >ib.hictch  c.um.iium  Miiorucra.TKU- 
3US  apoucccovi. 

HacJCHtuan  paGox«i  npcaupitUHX.i  c  nc. tow  bjvmciuih  ocdobuijx  CTajud 
3toro  upoaecca  n  nptipoau  iipOMCSKiTosnuT  <i  muichuuv  n|H»jyj;io».  Ifctoa- 
dumb  r<cqccTra>m  c.iyM»m»t  K,(Ru(CX)  J  u  K.[Os(CX)«).  euuxvMiipoBaa- 
ouf  no  vicjojwKc  (\*J.  liuBucnxpauiifl  t.a>i.Aoro  in  mix  B.ipLHpOBaa.'CV 
*  d:*;u*.™x  or  G,90  Hr*  .to  l.5t-40*s,  aioxitOM  kuc.,otu-ot  0.35  ao  11,7  .V, 
xoiaep.nipa  —  ox  1b  ao  1009  C. 

Caei.ipo<}>oTOMtrpuqeci.u  ou.m  aafpHKcnpoa.inu  caeaxiomne  craano  npo- 
Hew  a 

1.  Oxat.icnnc  |M(CN)«J‘"  ao  IM(CN)*J,“  c  oupaaveaiDicu  ;u>oia*<.a 

B3CT3' 

(M(CN)*l,'***2H*-rN0»“-»|M(CN)«),*'fcN0;J  H.O. 

HanpOM'p.  a.n  M—Os  jtoh  cxaaun  cootccictb^ct  ucpc\oi  ot  Kpuaux  / 
k  hpotuvi  2  Ha  puc  1  o.»»  Hoxocm  nor.iomcnmi  260.  308.  .}Jo.  .'{60,  415  uv; 
opoua^ivvaT  nony  |0«(CX)«)3~  (*)- 

Ilptt  BBCACUUIt  m  3T0M  CT.1TUII  B  CBCl'M.V  MTDOUOH  Tfl.KC  IUT  MeT.XT.TOB 

oopa\\iOKfl  Xdionxtpuuc  oc.okii  c 

2  ^i.ih  M—0?  bxo|k*ii  cr.ouM  otbir.«it  nepexoa  ►*  i.puuoit  3  tpne.  1 o*. 

npBToi  3.1.1  mji  sun  nn  iipoutcc  uacx  a  unit,  npn  uai|M*it.iiiit.i  ao  85— 100’ C. 
U  ciyiae  M*»iS»i  peai.mm  ii.tc:  hi.oisik  iiiu»  mjctihh  ;i  ju  uj.iua  ue  ijim.- 
cnpvticn  cnci^pc^oTOMcTpiiTcciiii  Ha  cx.«imi  rtunui'ii*  xa job  ue  oG- 
napin.cno.  Honan::  A?*  m  p.icii»up.i  vto.i.cr  Gun.  iH.ia«.icii«»  Gccubctuo*  co- 
ejnuenBc  ooiOrt,  p.»T.ur.*Miueecn  npit  uucMmin..:mit  nuaioM\  djvj  ho  ya»- 
-toci  roan,  exo  «.-r  ccri.T?  i;  oft;"'  *rw-T..n  II  n  *k  rn«*».Tni»  nnoai’M,! 

paviowcmw  axoro  ciKMiinenn«  it;«']XK>.i.iK<.TCM  noxocu  u  oo.iacxn  1900  a 
20.V«-2170  cm*’.  fwi.WTt*Ti.cin>H*iiiitc  o  u.i.xttHim  houp.xumtpOB^nHux  NO-  n 
CN*rpvnn  no-8n,niMO\n.  ua  axon  ruiuii  njw.rxoanT  okuciciuic  oanoro  bx 
unsnnjHux  .mranaon  Gea  Buvuaa  m  Bu>ij»CHneii  c<|>epu  KOMflJieiccB: 

IINO.  M*. 

fM(CN)«]*“ - -  l  M  ^CX)»(CNX)  J*", 

rae  X  npeacT.iB.iHCT  cuGoft  x.»i.  naif  nru«n  npuc.'Hoi»iipnny»  abvokbcb  bioti. 

3  Hb  axofc  ctbabb  (bc^-xoa  k  KpnxuM  -i.S  im  par  16  n  1-3,  p«c.  1#> 
npoucioaiiT  uuieacuBe  npnfuniiijc.n.i'o  1  vn«.n<  CO;  c  Mamm  npuMCcuo  IICX 
■  oGpa30Bamic  loeaoocmif!  aiimurivinux  iinxpuupyccBay: 

[M(C\),(CNX)]---IM(CN),N0J,"+CN0-, 

CNO*— 211  *-H:0-C0:+NH/\  CX-rH*-HCN. 
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Pw  1  SJwiM'hii'  *«#•!.»  jiowtut  ok  try  IM^CN)i!,**IIN'0«  M  i^hmh.  ra* 

ft,  r  M»Ru  <«).  Hzx  «.  Cr.ik*ch wj-1.17  10“*  .V.  C m«n-0.3S  *.  T-5ffC. 

I-  «»  |  v  i  v  \  .  •)*  (ll'IIM.'  .*  -  H  ■  III  MMH  .t  ■“  f>'»  «r«  r  f 

-« v  •  .n  -it#  v  </-/.  n  ii:  v  a-  jo-  r-vre  c;  u  *  iw*c  <«-)&>. 

,r~  .1.  jft  M  tui:  ;_i,'v<iiiin  n*  j’M''  f»  mum.  •?  —  fiA  4  —  445 
-  3*  *7  7*  »"-»*■.  *-90.  f  —  140.  10~?C  MIR  n=R  •:  C*m«a.  .1-0.76  i0‘*  k. 
<i»*».y-SI«  W  C  *  e«  /— n«\*'.»»aM  ir*Tr>«  .'—If'  mho  4— 2S.  4  —  40. 

*  -  tv.  3  —  |  JO  7  —  Mj#  s  —  OO.  9—  JtWt  miii 

Kan  r  ocm..i**»ii  rnrrw  in  aioii  c-t^.mc  «•  pannop  x  xu- 

cMUltU.  cro  h  '•!  *nioT«r*\  to  mi  tncpioio  fhtntK.i  mo»,mo  .«>;rtpantpo»3Tk 
•utanonx  c>oi  twiait..  K  [OA’0(CNM-2H;0  c  ftr>8e«iHU»i 

rwxoaow  ok'jv.  j  !'< avAi.i.itu  .<1011:3.1  >t«*r<»  cikmbim  iimm  ttpaxcacnu  » 
i«*o  I  i.  is  *K  cm  1  ?|#  -  c  7  toi  'Z 

B  C.iy'iAv  n  #•■».<  nuroi.oit  CKoporTii  i.t  u  ii<  ittmto  npourcea  tpv.7- 

•••*  »U3*-"IMih  t*  WHO-  AloOulllMUot  ,k.  loiuoc  CtCOBlH-MIC.  Tlo- 

KiVJT  MU  II<<X1I<1I  WO.  ilIJMitrWl.  K  |«tli(*‘N).}  ft  frtOCf  MSIIMlT  >C.fOMl. 

ftx.  a  auuii.«  .I'-’Hfio,  Mil  lot  oil  npu  i.iiMM.»:n<*ii  toi*,*  p.*ivne  0.1i»’Kc*  b  r 
■u>u  caysai'  11  wjt  •iwrii-su  K  {|l.i\0(C\)  ]  iior>.oit,Ky  * 

rpoawc<*  *ip«  i».w  i.-iihm  ii.VHiuiosi  KpJKi.^  iimamui  »»pft\\M  miiptonpoM- 

T  a  C  n  h  q  a  I 

1*«  *i«v-»ir  r»*  nuiH'*  f^inurnra  (%*.  »u.ir't3*ux 

u  r*  o-im?\  «»ir« 

\  s»  oil.  *  fe'-nim ’nut  r^oinrifTijcT  j.*r< 5«Tsnri-i  <oct»*) 
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H.-k.  csricTpu  arrpoMcoeoueiBi  Ru  a  0* 


TaG.ium  2 


Coc^Cknut 

"NO*  «-• 

*CN,e*€- 

Hfijnt  sutni  dr' 

KilRuNOlCM,]  2HtO 
RuNO(CS),  2H,0 

K,|OiS0(CN),|  2H45 
<H.\0(CX),-2H:0 

193.3  c. 

1927ui 

1  191$  c. 

1900  c 

:>'7c.  2152c.  2115C.1. 
20SScp 

22l!lc„  2150c.  2068  c. 

2210c.  2155c. 

22 Me.  2170c. 

ICJSr.  637  cp„  *67  c.t. 

430  cj. 

.  033  cp .  12)01, 
SIScp.  12jcp 

1020  c.  040  rp,  520  ti 
1030c.  035  cp  560  cx, 

525  0. 425  cp. 

avic^INo"  Tn\*?1'fir'°‘"  ■  pwjssMaw  oubmcimm  »  ,03. 

AJ1C  UNO,  20  II No,.  06  3T0U  t»ll.T  T0.1WT»y<  T  11.1181110  >  B  -K  flICKTOr  T.on- 

aoro  ujiuayMj  iiiiioiiti  miou  uctiocu  a  oiiicia  1390  cii-1  Tpr  p 

,  CI"“B  4.  flpoaeio.mi  owranmo  eroporo  imauninoro  -1 

no  .  :™  CW  °'J  1,a,M  C0^,iCN-  **>«&«>  ^0T  0u,L  ,an.a. 

2[M(CK)oNO)'-— (M,(C.\).(K0):),-+CX0-. 

Am  P>  ioii.it  31*  CT8.1M8  x.psKTopniycTtft  xponum  4-7  (n„r  1,1  r 

SSJSTSiT:  "ill  n\t  7  0r'""‘  6~8  (P«-  U>  r  a>^tCT«1«BOU 

««o™„.0“:'  ■£, o  w-  «>“““«•* 

Col+^ICy ”717.. ""•1,",A"0r0  ‘ 

{Mi(.V)),(C.\),)’”-*  {M,(.\0:J  (CN),)>-+C\o-. 

CnctilpO<I,OTOV,tp8  ICCK8  37-  CT3.18B  Jup»KlcpB3JC*C*  yceiLICB.C*  nr 
r-ioraonca  npc  1  lO  mi  xvi  py nmi«  ipnr  lj.5)  nftl  nu  xihkhu*  (n.c.  16 

"p.^77^rr0r‘1''ri-,n  P>«aa« 

Z&TZXLVZl,  "!77:':1n.T  ~  "'p-— 

SITn  fvtWfo 

b«««.""otB^;:,'“'  £SvV«,  -».=c:MP.ivnio  otano.om  c«a.- 
ckohoko  »„0*ut7o ,o  o™, °n-  nP°15*Te  Df- 

.  _  MHO 

K.[lta(CN),]—.nu(CN),NO+iKNO, 43NH.NO,. 

“no^OteiM  -U0«37  ^  *  n"(CN'>‘N0'2H:0  (p.cci*. 

°.»4ss  t,  hIo^js,  “i™ ; 

topuraciL  spuroi!*  'M>CKi'  “■«**».  no  **»«  nnu*  n  soiku.dt 

C24 


'  9  iHhi^mn  t 
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(ra6.i.  2),  Bapwy  c  rpyAOomiMi  auanma  (*),  oo-eK^BKOxy.  s  aacTisajus 
■cc.vaoeaTMpj  awroe  »pc^s  cinreT^  ax  aua.iori.rfa  H*ipoapycc*aa. 

F-  Aranit  oi  yka3auuux  eoeaofltiiuti,  uonyieiiBuc  uana  ncirrmano- 
BXTPOiOKOMUaf KCU  pj“U*IIUH  It  OCMHA  OSeKt  6lB3Kt)  DO  C33»CTB3M  K  fifIT]M>- 
Dp\ccB,i\.  Ona  rsrjofKoat^iiu. 
xopomo  pacibopaM*  a  aoae.  xe- 
TdUOwic.  AUMcia.K^opuauBa^.  ae- 
MCTB.lCJ.luJ’OKfa.lC  ■  apyTBX 
pact5oputcia\:  raipywTca  nay- 
m»  9KfcnBa.icitTaua  Ag*  a  Cu1*, 
oOpaava  xopa^ntawe  ocaann.  lix 
Mo.iocy.ifipHut  mbccu.  muepen* 
nut*  Hava  Ha  ocMOMCTpe  Xb**- 

.lf“T  -  llJpKCT  COCT3B.1A)OT 

337=20  (paccABiaoo  jus 

K;(RuNO(CN)»J  3393)  »  44S± 

±20  (paccNnaao  ana 

K:[05.N0(CN).,  428.5  ye.). 

B  b.-k.  coeKipaz  3tux  eoeAn- 
bchbu  a  latpaox  bda&  a  a  pac- 
laopax  no-iocw  \K  ymr  s  CBB- 
Mexpuauue.  ksk  a  y  Na;[  Fe- 


Pac 


rinrmc 

-  -  K,iRu\0iC\0|<5jt'tP-».V,^K0H 

•Ca)»aO}.  y  licpaciacpmiux  me  C*,*.**^  ;-i  o  ^ —  i  t  J- 

xoiic-nhux  Dpo^yKtoa  oun  mapo-  1:1^  /  — 1.2 

kbc.  n  cnuHo  HfKaTKcnnuc  Mac- 

Totu  \sa  y  n«*n?annaiiOMiiTp<acKO»fmcxcoaBuine.<icuy  na7p030ipnasas«aoa 
(taCn.  2).  n<-i<-u!«uc  paainvna  nmoc  naCnioaajoica  a  y  cooiaciCTayio- 
ma\  x.iopr-.Muv  tint* run  pyicitnn:  K  (KuNOCl,]  o&taaacT  can- 

vcipitauou  \w't  »i*  "T#m  up.i  l9t >5  cm*1,  a  am  KuNOCl,  3H,0  xapaKTcpna 
reupoKjA  crK*  /Kcuit.’si  .»ps  1890  cm”  (*). 

Go*  u**ut «u  h*uus  si  poaoKou  line  bca  *±>UHozvnti»yx)j  c  oc- 

nonaiiuflMs  inupiiMip  c  OH~ .  rjpa\\n  (M(CN)iNO  }*".  s  c  S*'.  oupajja 
lMNOMCNii)“.  hij.it .thiotc a  m  xcTaiiaia  »  MRae  ocajKon:  b  st 

u  •»;  ;;«iktp.ix  oic\icip\,->t  naiocu  v,0  n  ctinoicn  xapaKicptfue  oaiocu  ko- 
opan»upo8a:iii!Jv  .NO  »•  NOS  »p>un. 

Or.iaaaie.ibiion  o»»h7« :ii»och.»  n'*iu  lRuXO(CV)-):"  hmhcich  ciiocoG- 
mooi-  npnc^u.fflTi  uuiwtj  ••■jnR  01I"«noi*.  m»  nn.iu'jojij,  c  oGpaaoiumicx 
nnipoKruinioro  ki«— n«'i.v.*t  |  !;■< (CN ) ,NO:H  (pnc  2.2 )  n  nsmk  utru- 
tiopoa  «<-k  OH’  c  ••it*  m  :m?ppi;oMii.icxca  (pnc.  2.4). 

HaiB**u*  i!>  •«t:.i  ••ck«;i  loNi.w  npn  352  nit  can*  ie.i»r  my  ex  o  opcupa* 
flicjtrn  ToibKy  iin  rpt>h(  mi  Mint  o  :,*«Mi.ie»cca  *  mupoco'\2nncmie  u  c6  otcvtct- 
BRn  B  pjciaopc  $op>«u  {H»|N'0(C.\ )»)*“. 

.Vtaarpjj'kti  rocy^apctaeMnui  yaa^cpcaifT  IKcjoa^c. 

BM  A  A.  Hiat act*  *  v' 


•TllTEPATVPA 
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HosAaau  Amsexii  say*  CCCP 
S97C.  To*  231.  J*  3 


yjlK  547. 1*13:546  881  XHMHH 

Akucmmk  r.  A.  PA3>BAEK  B.  If.  MAFUIH.  C  It  KOPIIEBA. 

.1  II.  RblUimiCKAB.  B.  K.  SEPKACOB.  O.  B.  flPy*KOB 

PEAKfUUt  TFP.MIlMECKOrO  PAOIAJU 
/UmilK/lOIlEIITAAnEIIlfJIbHLIX  IIPOIUBOHHblX  BAHA^M 

Pancc  oauu  6m i  uaysrH  ^r^aina  tiaeiiitk.ionrBTa.TMCimii'iiuf  npoaaaos* 
out  thmm  *  linpMimtn  omhu-m  iu  (H  —  .Mr.  l'li,  CJIiPb). 

ycjaiioitiHio,  *ito  patiM.1  c«iii|***i«h:i.*ctch  i<«xomTnMrcKMM  pacun,m4*M*c* 
o  ttJucit  mctw.1  -  jnif<a  m  }Mip>moiinni  (C«f!>)>M  cip>Mypu  ('.*).  He* 
aa»ha«.*  0Ct3t,K*n<'iiUA  u<*  p.i-tinaa'iuiio  OnaiHKJoiicHTaRar* 

ur.imiux  npowawt.iMux  uujiuR  itoK.u.t  »w.  Hto  upa  p^cna.ic  (C.Hi).-VAr  co- 
xpa»*eTCfl  Ocuohiimvo  npo,i> kt.i  vh  jhujuotc* 

Aril  aanaiuueii  n  UMriMiiiiM1  h.<im;u>uciiu  (*}.  I1iitcjw<ho  Cu-io  itpocar- 
aaTL.  WMejiaTrn  in  v.ipaKicp  pariM.ia  h.iiia.Taitopi.tiiit'M-fMtx  cor,™  limn* 
npo  UMdii*  apniuibM  r  iwimuih  nj  vctm.ii.iiuB.  Ha- 

CTofinaM  jmGoia  iiootjiuu  n.,  yrf.ii  .lonamjai  TcpManua  unniKManriiTaAW' 
iiii.ii.iiux  upouifco.iHux  mu  unn  (C  IK)jV.Mc  a  (C>f!s)iVMt,  a  ihcp^o*  anac 
a  pjiraopax. 

TcjmijoTypHup  miTcptiaiu  paiAo^cium  (CJ!,)»VMc  it  (CJ!»):VMet  on* 
pcafifHU  mcii.iov  Jh-jKjnpvjmnn  iMM.-TrpMnKf  K«ro  jiiimiu.  Uu  ).  Ifpa* 
aa*  xap^KT.  piuytit*  .lhvstn  o6fu7BMU>u«  in.ioTt-pMBic- 

CXUVC  >|-J^K7.«vin  llpl!  (&*  II  80*  )t  Hc«r.|MTItUU*4  '«KV«TrpMH1CC  ».♦*»!  acf^iCK- 

TOK.na^DiiawuaiMi^npn  i22'oKu;cini>uott  upn  150\  Jk-pnufc  aca  a^cara 

Hi  (XS3.1IIU  C  pax1*M.Pllllci|  ncilicTTtM  tt  IIIliM  » K^paiPUT  upo- 

I'jiuM’iiini  ffM  .m>n  hum  itvctT  V(*nn  n  o6iactn  .•-.HiTc|«»*.»*cCKoro 
J<«^.  llo  ncTU|K*\ti.*iriMiioc  np^BiBO.imv  (C,lk)*VMei 

"»in*M.  «*.  ccikii  ci.iun.ii>ii««iK  k  n  pa-oararir*  6ca  lujurnaii 

c  punicCkBM  npu  loiiii’paTypc  tiunic  122*  r  M.nnrnMywo* 

npn  |.C*\ 

F'l-r.Knim  Ti*pMan»fKofo  <C^H»);VMe  »  incpaoit  «j*ac  a  pactao- 

p^x  npOKt»3«it*rL  c  M.*KyyMnpotuitinM\  xiikihhiiux  aMiivaax.  ,l.m  vctahoiwk^ 
mm  B-iBii'-nM  fpc.it*  trt  lipoticCf  par !!.■.•; »  Cum  wc»ait.?«>taiiu  miyai.  rex* 
can.  Ten..  iM.ip.«p>p>M.  C  r»  n.-i«ua  a  u  p.  imictia  Kmiermca 

pjx:oa:i  nnR  (<\tk)-'*Mc:  h  miyu.ii*.  Koi«.p*K  j  yoMCTar.pnnMtno  oikuu* 
(Tea  ypai»r.*nnc>i  itcphoro  non*  «  ilpnito'mv  aaunctivoot  KOiicTanru  cko- 
pocia  parnaja  or  ■S'-'tocpaiypu  K^.o-Moit.) ; 

T  p*  *C  >50  K  »  »  .100 

*10*.  CMC-1  0A6  102  :.00  3A&  5iC 

OcaomtUM  r.iirx>r>pa.tiiuv  u]roA>Kio*  pacaaM  (C>II»i*VMr  a  (C*Hs):VMc: 
to  *ccx  HMhftrn  mcwh.  a  hu\03  cro  coct^mjict  iiopa.ina  0.6  n 

1.0  bmp  conrtM  icTw  imo  *  {vcmctp  ha  1  uuii  «ri#».iiU'fO  rut-AsncHM 

^Tsfi.7.  1).  Ilpa  nohunimn*:  TcMiiipaiypii  pacnm*  a*>  2.V>*  Kautncctao  Mcia* 
ua  DpanmivcKn  in-  >n\.i*,»tiwrT<H.  Kpoac*  xteraua.  a  raaot^pa  mux  opo^yc* 
7,ix  rOnapyarcnu  -4nK.ionci*t-,*xii**M  <au  Oa'f),  hoa^P0.!  (-lo  0.1%),  a  Tam*c 

C.1CJJU  MCTR.lUUK.IOltCirTAAOr'K^.  IIpO^-KT  -lOMI  pH3Dt;nn  MCTnU-tlUX  pAAMKa* 

.io».  arms,  nr  o6napy*^M. 

Ha*  auncncn**  tonpoca  06  ncro*rnnK»\  aiovoii  KOAOpo.ia  npa  ofipaiAM- 
nnu  ateraiia  6u.i  ifayncji  Tcp*tr»rrKitfi  pacnaa  (CJD»),VMe*  *  (CjI>»).VMf;. 
Mctoao*  ^?a.  no»c*?ano,  *ro  ACMTepupoMniK*  umtat/nc>»Ta.iHrn«i».Horo  -i«* 
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ran;;*  (yflieeiftHii'O  pc  mtinicir  tor.isstcH'iR,  n  «pe»ue 

jtta  npaKici^KK  rocna.t |J*  ipciu.*j‘itjn  ao  naorcuHowy  coct*- 

fc>  M'lJilJ  {!.«■'■  I  MQAiUft  4J..  Hri.'.hSV'PVO  OT  IjpilpOjM  Q«K7' 

piaMUo  a:o»f  tip?a«»o;tiib\  7blm  Zr.  V.  n—1.2)  • 

{UUWliCC  Kp3‘!CM2><*7  >H3r?Kr  KSK  .*»  C,II;.  I.**  K  O-CM^HHUC 
"  *'■ 

Cp4fcll»:lirt  <OCTat?  JIJKUJ.stO*  HBff  (C>lI,}‘VM?.  5  TKpj^/i 

■  §  piCTK'jpzi  'to.ijo.13.  rtrcana.  tcTpariup'*i'jpan*.  ^aoKcana)  ncp.nuM- 

TtCatai  1 

T«j.wr hcckv*  ja>-<)yKf k*c  M?;e2vf!ux  3*<cci*a***i  tjuitui 


*C  II  -l\l' 
II  *.!• 
«  ,*i  \  M- 


■  i  iyr,  i  **c  j 

l'»kU*  tW.  I  W*  { 

I«xi>  i  i*J  7  *sac  j 

r+ucj*  i3>*  r  w  I 

1  13V.  7  **<  j 

L’S^ok^B  iSi*.  7  mi  j 


*•***■ 


Tr;«aWu#  paxteAtimr  *?6i»papnutfUt  c^Jitx^iai  tJ»3?a  * 


51  »»*£■«•  t*CT»»  nffMX  * 


>«#»#» 


lr.JK»».  ITC*.  I  *ar 
t !  -E»«  Wf.  1  «IJC 
*  JoijM  C  .  7  «{ 

I 

I  !»».)-}<  txr.  I  me 

.  Ra)7«.  i«r  *  ^ic 


2»'4*£«  *t  W 


ti.  *«to  pact  no pfte.ii.  hp  r.K»3u»a<-T  f)uif{w«i.wo  mbsiw*  fta  nanpaue* 
au*  U:^yrnrs*c  srtn-inm*  a  paciU^a  t  twyo-tr  viraau- 

».*•  r  m  r<  sr<»  pa:*  u.  in*  vugho  a  jw  jeau-mta 

Ha««  ook.«>.  »:o.  *i*c  ^non  Jik-sh  Kaua.tRj  «»■»•  p-#;ai/ic*.s»  apo^rKTOMa  pal* 
jm;(iii!h  sMNikirM  i*»araaK.:o!.«  »ua3B"HB  coxirw-sbjs  Paajso.iaix  >t» 

WSiS'iisa  ^rMKReonnf-B  c\uiitvi^uot  >•«  ;.i.»ir<L  m»«Toj:y  «x  r<*- ti*  6k.i 
ocw  Wr«  r  M3Cf-f*Kh*poMii|i«i*i»t  koto  3ii3  7.«».i  flo  %>r;tu\t  ac*- 

.■'.kja  r**a  njx-.irTirtTnK'T  cr«5on  »  crnoinuw  ».  ns;v>mn.  aono-  a  TpfViats^eB- 

».uc  fc«i»2«»art<u  *»(?:  1  a  3/. 

JtjHftiiu.  ^:c*  pjiioiKcnac  (C  II.  >  MR,(M»Ti,  Zr)  npoio’ar  Buyipaao- 
.irN\  TMpiiuu  ujus  n  coapotoauacTcn  pjjpvnstpeti*  Gafunx-ioacHTairac- 
''sJHiw  rfvMjpM  (*/.  0G;»3Jo*-i««jt‘  trxiiRjm  stoutens  muajieacaa  a  c to 
**muuuvu\  upein or.jta**.  bi*j  pacoA.i  fC.il,;  V|5*  no  ^p> ra« 

nj3p>k...  impm.  Or?mn-  p  >u***Ha3isa\  rsHj.*uo.  no  *cf5  aepoarBo- 

fia.  f  j.i«  xij»»  iiuon  c*o>^y\}*«  3iu.>oraanuv  npoaj»oABUX  Ti.  Zr 

r.  \  .'Itfi  NiMjBBbji^smixfKnt  cotami* nan  T«ca  (C>H*)2VR, 
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Jtryui  V  ccsepxism  wpo^-icm  trpikX%K*x*-o  puKstm  • 


f§| 

EJH 

csai 

irnn|B| 

Ir-frr-nB 

ttl 

2S3 

263 

a. 

73 

IK 

163 

tCJVsV 

191 

93 

(CH.OHJtC.H.lV 

(95 

«3 

<63 

584 

105 

1» 

9.4 

<U(*C  H.HCD.n 

200 

183 

(CH.CD.UCJH.* 

2^; 

103 

(tH,C  H.i-V 

2fi 

173 

213 

123 

so 

ttii/:JU(Cj).CFr>v 

213 

43 

(C*D.rU.):\ 

217 

13 

|  (CH-.;**iH,]|CH,CHfJV 

223 

2.7 

42 

O 

05 

t  (Cl!  D.CH,fv 

C7 

03 

(<UI  >.CJHJ{C.D.CHjJv 

VO 

<u 

ST. 

01 

03 

03 

oj 

•  Aux«  Mmu  MiwntMf  *o  n«»  VKnttx*- 

M(f«  W  *1  (Wl  **  IJMO  U^* 

ausMOjt-actPEc  acctxjUKOiMUru  opG*Jxi»  itomj  a*--;***  ca«OM  xcacry.:u 
c  ojfi^>vinpo3nuM  aavc-ciai*-.*  m  apyrou  xotopoc  apaaom  x  cupoo **•**> 
pcaxuaonuocnofoGnux  wnnurwoi  H;>x.ovbo*.  ocpe^rA** 
*-n*n  c»-*«.po>rT».  *<•«*:<>  xip'-wsra  p^aiojxcHH*  ciajucn  xin  Kei  tocjnmi 
(Ui,).'Jii.  **:*<xc*  r^ra*rn«ic03!c  p«pu»  c-om c*  vrTA*s  -  yntpca- 

0-k*i.v  6^r(>04|U  rMorof.iiooc  x  KOMa.i»*won6paaoMnaw  v  MJujieopnM- 
^«k*i  foc3a;*ri!»3  toKUU  caaja  uua;ba  -  yraepoz  ocyxatcT*3*rv- 

CJ *  km  Jmjjps-.  T«iK  a  atiKMCocxy-iKpauM  npw.  Cyrscctaoxairsf  Taxsx  ay- 
it~B  pi rnaoa  no.xrp*  p^j-wTcn  pujuvichbc*  .iruicpoKrTau^  ripe  rcpn&iaje  »x- 
»»«o.i*pnux  rx«t n  (C,D.):V*f (C*l!»)iVMr  a  {C,D»)-V4-{C,H»)sVMe: 
VUua.  3).  hu^Mfun*-  crraa  ^arOKmiwi  paajaouenoa  nps  pmoacraea 
(C,!lsJ-VMf  a  ((%ll-.)rVMe;  vx-jumct  u*  x©.  xio  oaao*pc*c*H®  c  Koopz*- 
u*ZMtc  khp-tv «m  rpvfis  xp  *tv*  ajuasa*  npociosar  uarpm**  apyrott 
vMc.tlh«'c  rpvnnu  »  Cilt.-xaiw;©  c  of.  jox>«i kb rx  ocpri^Mux  coctoaaai  I, 
It  *xim  (C,!!.»sVf  .r:)  a  III  (xi*  (C*H,),VWe). 


v- 


,J)  (III  UM) 

Pjtuaa  Tpxst  Bpoacacyro^nux  xnxrurxcem  npaiKO^-  x  >Tr«r»3po*ai»»io 
McrpNa  a  oGp.-x-j^iiaio  xiaajoqtttj.  poiio-  a  3*io  wcCxi.au  x  »aiu^o«e*op. 

Kpout-  7»«Tu  jMlV4l>»IBf  KMSfT  npOTCXPti.  E  1P?rl  BpoaMXyl&TXUC  K9MO- 

.icxrw.  ax.r'tXfiotnar  acso^nor  ct*-;teHpiinc  a  oCpajyioctacra  aaioao oca  aia 
cro  apacociiaue.  I*  to  noaiw  pJK3ac7c«  atianiu©*  coctpiu  muxtwx  npo- 
3VK7n».  W'iTOpUc  oCfUJVlOTr*  npS  p*C7XP3P  3fE*XMttktJ»B9a  cvcca  (C»D,)tV-*- 
~  <CJi,);VMc_-  (tpCli.  3.  4=j>**204.  217.  230).  Hx-isaat-  a  cate*  atancia 
t  m/c— JSC.  1M  200. 2] 3. 227  vkpjwmct  tu  t«.  tto  a  cpowrytWBia  aoarc* 

tt 
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Anajcati  m;i  CCCP 

IT*  T«»  =!.  .V  3 


y*a«  jrr.ii.o: 


cnoxunne 


.1.  M  «  KTRIXBA.  X  r.  MBKEJAXSE 

SEX XHI13U  I'Cvl.'llIllf  C>'KItmiILTK«valltTETA3IJ 

n-y.mon  mwiihiu  ro.i>c« 

7  Z  Ct**f»%**m  I  lift  Jt7() 

(’#  tuMs  fvc5ficj-}*oA-<e8irjja  •  »  rpyj* 

no®  xutssu  tv.iWa.  f  A7C*  t  s^crystrtsa  Mf2*.  w^rr 

if*  •  'J:<X  ■  Al *1*  Z  ilxtuAltiK  puOTi  t*o***CWS3  9U*C- 

ur-xrtj  ju?:ss  *  o(<sra  km:a- 

j»jcirc  C  Sr^ni  nnnjw  CKC— ATC'  i 

Cl«t -  **'  ;  ‘i_yu*sc  r;«V:jv:»«  3  n\  onjsapo* 

*-»*>  tt>w*;?r  niwaij'KdA. 

*VTV""  >w>?i£sa  bj  rjA wzizu  r«x.\v*  ttc  *»*-t ojasr. 

*«  *  c~s*r?  <2i.  AiscuKti.  rTujscaa  Irt  \<eixr j  •« 

''ST- -**“'*  —  f  s-t. b«  i^j«jiiCw  cyaOTB.»iioA  (C3f.?>- 
cr*  3-V.  »*“  *  .t-  t*xRre?  4kt2»><Tt  c^kcwi*  wnriraM 
MJJUCcipiPriVr  tpVj-tihSi*  | A*  'SW.it  iVJSKtttl  IffrA  I  1  MFC 

=i*r  w|»>  ***e  uavjrrwuK  Kc't^-s  a  ej*  ?*Q 

s  -  "  J-*rR,-**^r»  ft.  Oy^C3«  arc  ti  Ts*|*»Tjrpc  l-Z  9 

SI  1- 10"’  Jf  ?2T.\, 

;-h  t.--  i  NSMI  KS,-«a>rsa  V-  -  ,  v  life*.  ul  1'ajsa- 

4i:s»u*ii.  w;«^um!  1*-  ?-'*;*•  jKa»  m 

r«  o  mv  r  rj«%=:-  2\  *  T<a>fcu»m  c3as:ani5:?pr  xsa  )»tm> 
Trwscv  -~v: ;*»■«:»-: j*»  i^.yr^  n:»«  eatj'Sj^j. 

SUl  C  tr-Ii*  I pj >rrj< 

?X  JM  •’V’.  \^My^»rrru*  «».«C»  V  iNE  V5rt-:su^  Cr|r,-M{.  *,  I  7p.  3 arc- 
o?o*-*.;c.ia  U£u-*  roC^as** 

rtOJitai  ti,j  m  I'r-ias&Bt?*  sj»»'o  in>j«uD  i»ctost> 

^■r  y  '^rC*  »  I  V  :p3»  -jjrt-’sus  “j  =3  j-tur  r^T«^>  r  CirC  > 
n>r  ^ff«rst>:c*r«!  3i.;ruwTs  ft  ra^r  CKC  AT***  (oca^o 

■*--*  E‘*b*‘  I’J  a  >  CLC  *1*  f«*& so  1.7  By.1**  •|*J  j|»MSS:»2»So 

?»*  MIJTJH  S  ;*31”tX?U»  Sr»/«J  «><•  »  ap  *  frti »■ » ■■■•»■ 

«VM  URS»l  M*  •  V  ju  '  i*  ncjssjj.  J.’E  *  Jj  l**!trTMUX  VJlX 

cj*^ts  I  ti.  ;*H  7  «  3s»wc«^  1-  vns  irvs-;w:jji  2D’. 

=^n»o5F5  U*C-A7C'  ?  n*«:|4^«a  4r?v,jn-,:E»sgS  pzsf^ss  m 
M  t*  >  w j- :  :*-}«;< u  *"■«  »  s»e,k».  rro  >to  corir* 

9^5-  *  «:>*!isocn;  u  r  Kr*A.  ss=  f  (}XC3U!» 

’  1-  l-'1  v>rr5^wi  c  r.oi 14  to*  3 

KoA  rjctfc^u;  t  rjte^ESj  -  i^A  a  sm>v3. 

UtV^KM'j  1.  B«-u  1#  .*T*»  JtJ TJtu*J  B1  fifc_  **j 

^■'  "  r  0^  b  ^^traraia**)^  i|;ar  *i3s»5«ft»53 

Cl.t,  ~A7"2*  r  f^^ynrtsjR  *^-ssw  "!*  &>r=<ir:ii,  orf<i6i*’j 

C  t  :n  Si  A.7‘1*  f  v'  P  Al'Ii  (Ti^i  1.  S|X>*1  3). 

I^navw  CKC-*i*  tic  *r.  an  3  rtX-A7C».  st  r«r*^ryr:  r 

!^A.  fcua#«f«niiF:  r  A.’l'T*.  eS^styji  A 7*1’  2.  sp&Su  2.  5)  a  sfa 

Coywup?  a  Hr»«icwsp«  £?w-  2«@A  s  trijsiuu  tatxzs w^yrr  o^pi- 


*  n;m:ur  ae^afySM  nx  —  fiyssi, 
CET  —  5- 

wm  KfcA'Otiiaa.  {nu»ii«  c  ATS> 


<**«*?*.  CSC  —  ATf  —  r>«- 
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aonauuc  c\KU*inni»KoA  n  uccpraiwncrKoro  <J»oc<f>nTa  (raun  2,  npoGa  4).  3ra 
Aunuue  y».a3Ub..K>T  ca  akthruocti*  CKC— O  u  oOmofi  Kara.inriiiccKofi  pean- 
um>  llii.oi  Kapiuna  JiaG.no.ia  iau.  upu  b^tumoaitu  thiip  auro  Kovu.icKca  c 
’*C-c\KimnaroM  1J  aio\t  c.i>h«u>  iipoiic\o;w  ia  Jam-UA  mc'icuuum  no  ymopofly 
(‘•C)  cyKUDnaiOM  coacjmcaiuorocfl  no  Oc.ikc  iJ>oc<J>aia  npnvicpuo  na  50% 
(*afa  2,  npoCa  3). 

Homo  mo  bucokobo  n>Tiioro  a.ici.TpoiJopcTd  nuKvfiautioimj  »  cpoay,  coAcp- 
>haiu\k>  CKC— <!>  (’*!*)» *'C»cyi»umi.»T  h  Mk  t  ncAbipra.iu  ApoMaTorpatftnpoBa- 
nuto  ua  koiohkc  G-.V).  Bu.io  uauju'iio.  hto  b  io  i))paiaioio  umio'iaeicR 

Ta  Ganna  1 

Bjjiim'  KliCTbHC  hounmn  CKC  -  AT«J*  c  ho>iiit>Hcnt»MB  ptauqnji 


N  M  m  C;tj»  whkjCju.'h 


wSm 

j  -P-ATO 

CKC-AT^+M?1^ 

3.12* 

162 

010 

CKC-AT*1«*Mr»*+Ko\ 

2.*« 

ICO 

0^1 

CKC-UO>+Mg»*+ 

2.% 

iM 

0.43 

1 

UxT.-Ahh-M^*4* 

0 224 

0.42 

4.13 

+ Ko  “C-cvKrujBBT 

CKC-  \7*l*+MgJ* 4  \A*t> 

0.23 

4.12 

0.43 

•  lo-iairtTM-  f*nj|-t»>oro  c  GfJKuM  *P  *•>*««  oC vac nni.  iKCTaCMbHCCtMO  hOnn* 

av»c*  u»C  -  ATi1  ivtvI***  v  x.ivwn*  vici.tro^o|<»«  omhuto  pacnsojett*  na  CKC  ■  vvP-AT* 

T  S  G  .i  u  u  a  2 

ll<aitMO\<-ii<Tiiiic  komi:1(i.ca  CKC  -  <1>  r  komiiobcutamii  poxuan 


Cyi*  *hi  >6auiH 


CKC-0>‘Mg** 

CKC**«1-Mg»-H?oA 

CUC-4»-Mg»** 

♦MC*<)i5unnAT 
CKC-C"  Mg;*  ■'KoA+ 

i.ijiiMAT 


paAuonMtimMR  M1T1..1  •cyhiimiara.  b  to  »pcmh  kak  pa.moohTnHoan  mctka 
!!P*(|itf«|t.»Ta  B  »Ill\  H«l*  fkMKO»U\  •Jip.wJHIIRN  \Gl4BAcT.  UpnSfM  Ko.inRCCTJJO 
UK  lawnumi  p.  .ii!oai:ii:Hii<m  Miu.it  *‘C  i'u io  npuncpuuoita.'iLiio  .Ko.TiricciBY 
vcHuGo.inruiciioi  p.um*.*KTniiUfiis  mot  ‘1*  Dm  .latuiui*  >i,ajuuaioT  no  to. 
Hill  OKUnil.IT  L3tlllMOtU'Hf  TBJ  1*7  C  C  "  *l>.  CIMI.iUli.DiCh  C  Gl'.lhOM  B  KO.lB'lCttB*, 
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JOURNAL  PAGES  READ  FOR  THIS  STUDY 
Actual  Journal  Pages 


Page  756  from  DOKLADY  AKADEMI I  NAUK  SSSR,  No.  3,  1976: 
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APPENDIX  C 


OUTPUT  TAPE  SPECIFICATIONS 


Appendix  C  contains  the  text 
of  a  memo  furnished  by  the  FTD 
to  specify  output  tape  batch 
sizes  for  the  tapes  produced 
during  the  GRAFIX  I  demon¬ 
stration.  The  memo  is  repro¬ 
duced  verbatim. 


TAPE  INPUT  TO  MT  SYSTEM  -  GENERAL  CHARACTERISTICS 


1.  The  tape  contains  two  files:  ASCII  label  and  data. 
Density  =  800  bpi.  LRECL  =  71,  BLKSIZE  =  710,  RECFM  =  FB, 
short  final  block  permitted  but  last  ten  records  must  be  all 
X’FF’s. 

2.  The  first  data  record  must  be  71  X'OO's. 

3.  Second  and  succeeding  records  will  be  a  table  of 
contents  of  the  data  file  until  a  record  of  71  X'Ol’s  is 
encountered,  indicating  start  of  the  first  document.  Each 
index  record  begins  with  a  blank,  followed  by  a  name  of  11 
characters,  followed  by  blanks. 

4.  Each  document  is  separated  from  the  next  document  by  a 
record  of  71  X’Ol's. 

5.  Each  document  record  must  begin  with  a  blank.  If  a 
textword  will  overflow  from  one  record  to  another,  current 
record  must  instead  be  padded  out  with  blanks  and  the 
textword  placed  on  the  next  record  following  the  initial 
blank. 


APPENDIX  D 

FONT  ENCODING  SCHEME 


D. 1  Explanation  of  Tables 

The  FTD  output  character  set  is  a  special  eight-bit 
allocation  roughly  based  on  the  ASCII  and  EBCDIC  codes.  For 
files  internal  to  the  GRAFIX  I ,  Information  International 
has  used  a  previously  adopted  encoding  scheme,  in  which  each 
recognized  graphic  symbol  is  represented  by  a  two-character 
sequence.  The  first  character  of  the  sequence  identifies  a 
group  (or  font,  or  overlay)  of  related  graphic  symbols,  and 
the  second  character  identifies  a  particular  member  of  the 
group. 

Throughout  the  tables  in  this  appendix,  the  two-character 
Information  International  code  appears  in  the  first  column. 
For  simplicity,  this  code  is  expressed  in  ANSI  column/row 
notation.  To  convert  the  ANSI  notation  to  the  actual 
seven-bit  binary  code  for  each  character  use  the  formula 

Binary  Code  =  b  +  (ax  16) 

where  (a/b)  is  the  ANSI  representation. 

The  second  column  in  each  table  contains  the  FTD  ASCII  code 
which  corresponds  to  the  Information  International  code  in 
column  one. 

The  third  column  of  the  table  contains  the  description  of 
the  letter  or  symbol  specified  by  the  codes. 

The  FTD  code  and  the  character  descriptions  were  derived 
from  "SYSTRAN :EDIP , M  by  LATSEC,  Inc.,  dated  10  September 
1976,  which  was  furnished  to  Information  International  by 
FTD. 


FONT  ENCODING  SCHEME 
Explanation  of  Tables 


As  an  example  of  how  to  read  these  tables,  consider  the 
symbol  SPACE  from  the  Latin  (Roman)  character  set  (Table 
D-l).  This  symbol  is  designated  in  Information 
International  code  as  the  two-character  sequence  (3/0)  (2/0) 
where  (3/0)  specifies  the  Latin  character  set  and  (2/0) 
indicates  the  character  SPACE  within  that  set.  This 
character  is  represented  in  FTD  ASCII  code  as  20. 

The  graphic  symbols  are  grouped  in  tables  according  to  the 
layout  specified  by  the  FTD  for  their  existing  keyboards, 
and  are  identified  successively  as  "Latin,"  "Cyrillic," 
"Special  Symbols,"  and  "Greek"  character  sets.  See  Figure 
D-l  for  an  illustration  of  the  current  FTD  keyboard 
arrangement  and  character  set. 


FONT  ENCODING  SCHEME 
Explanation  of  Tables 


FIGURE  D-l 

rhe  FTD  character  set  displayed  in  keyboard  format 


in.*'#' 


FONT  ENCODING  SCHEME 
Latin  (Roman)  Alphabet 


TABLE  D-l 

LATIN  (ROMAN)  ALPHABET 


INF.  INTER. 
CODE 

(1st)  (2nd) 

— 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/0)  (2/0) 

20 

Space 

(3/0)  (2/1) 

21 

Exclamation  Point 

(3/0)  (2/2) 

22 

Quotation  Mark 

(3/0)  (2/3) 

23 

Paragraph  Mark  (*  Not  ASCII  *) 

(3/0)  (2/4) 

24 

Cent  sign  (*  =  ASCII  $  *) 

(3/0)  (2/5) 

25 

Percent 

(3/0)  (2/6) 

-- 

(3/0)  (2/7) 

27 

Apostrophe 

(3/0)  (2/8) 

28 

Left  Parenthesis 

(3/0)  (2/9) 

29 

Right  Parenthesis 

(3/0)  (2/10) 

2A 

Asterisk 

(3/0)  (2/11) 

2B 

Plus 

(3/0)  (2/12) 

2C 

Comma 

(3/0)  (2/13) 

2D 

Hyphen,  Minus 

(3/0)  (2/14) 

2E 

Period 

(3/0)  (2/15) 

2F 

Slash 

(3/0)  (3/3) 

30 

Zero 

(3/0)  (3/1) 

31 

One 

(3/0)  (3/2) 

32 

Two 

(3/0)  (3/3) 

33 

Three 

(3/0)  (3/4) 

34 

Four 

(3/0)  (3/5) 

35 

Five 

(3/0)  (3/6) 

36 

Six 

(3/0)  (3/7) 

37 

Seven 

(3/0)  (3/8) 

38 

Eight 

(3/0)  (3/9) 

39 

Nine 

(3/0)  (3/10) 

3A 

Colon 

(3/0)  (3/11) 

3B 

Semi  colon 

(3/0)  (3/12) 

3C 

Less  Than 

(3/0)  (3/13) 

3D 

Equal 

(3/0)  (3/14) 

3E 

Greater  Than 

(3/0)  (3/15) 

3F 

Question  Mark 

66 


FONT  ENCODING  SCHEME 
Latin  (Roman)  Alphabet 


TABLE  D-l  (eont.) 


INF.  INTER. 
CODE 

(1st)  (2nd) 

' 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/0)  (4/0) 

— 

(3/0)  (4/1) 

41 

A 

(3/0)  (4/2) 

42 

B 

(3/0)  (4/3) 

43 

C 

(?/0)  (4/4) 

44 

D 

(3/0)  (4/5) 

45 

E 

(3/0)  (4/6) 

46 

F 

(3/0)  (4/7) 

47 

G 

(3/0)  (4/8) 

48 

H 

(3/0)  (4/9) 

49 

I 

(3/0)  (4/10) 

4A 

J 

(3/0)  (4/11) 

4B 

K 

(3/0)  (4/12) 

4C 

I. 

(3/0)  (4/13) 

4D 

M 

(3/0)  (4/14) 

4E 

N 

(3/0)  (4/15) 

4F 

O 

(3/0)  (5/0) 

50 

P 

(3/0)  (5/1) 

51 

Q 

(3/0)  (5/2) 

52 

R 

(3/0)  (5/3) 

53 

S 

(3/0)  (5/4) 

54 

T 

(3/0)  (5/5) 

55 

U 

(3/0)  (5/6) 

56 

V 

(3/0)  (5/7) 

57 

w 

(3/0)  (5/8) 

58 

X 

(3/0)  (5/9) 

59 

Y 

(3/0)  (5/10) 

5A 

Z 

(3/0)  (5/11) 

5B 

Left  Bracket 

(3/0)  (5/12) 

-- 

(3/0)  (5/13) 

5D 

Right  Bracket 

(3/0)  (5/14) 

-- 

(3/0)  (5/15) 

67 


FONT  ENCODING  SCHEME 
Latin  (Roman)  Alphabet 


TABLE  D-l  (cont . ) 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/0)  (6/0) 

— 

(3/0)  (6/1) 

61 

a 

(3/0)  (6/2) 

62 

b 

(3/0)  (6/3) 

63 

c 

(3/0)  (6/4) 

64 

d 

(3/0)  (6/5) 

65 

e 

(3/0)  (6/6) 

66 

f 

(3/0)  (6/7) 

67 

g 

(3/0)  (6/8) 

68 

h 

(3/0)  (6/9) 

69 

i 

(3/0)  (6/10) 

6A 

j 

(3/0)  (6/11) 

6B 

k 

(3/0)  (6/12) 

6C 

1 

(3/0)  (6/13) 

6D 

m 

(3/0)  (6/14) 

6E 

n 

(3/0)  (6/15) 

6F 

o 

(3/0)  (7/0) 

70 

P 

(3/0)  (7/1) 

ErE*' 

q 

(3/0)  (7/2) 

r 

(3/0)  (7/3) 

73 

s 

(3/0)  (7/4) 

74 

t 

(3/0)  (7/5) 

75 

u 

(3/0)  (7/6) 

76 

V 

(3/0)  (7/7) 

77 

w 

(3/0)  (7/8) 

78 

X 

(3/0)  (7/9) 

79 

y 

(3/0)  (7/10) 

7A 

z 

(3/0)  (7/11) 

7B 

Left  Brace 

(3/0)  (7/12) 

7C 

Vertical  Bar 

(3/0)  (7/13) 

?D 

Right  Brace 

13/0)  (7/14) 

-- 

(3/0)  (7/15) 

FONT  ENCODING  SCHEME 
Cyrillic  (Russian)  Alphabet 


TABLE  D-2 

CYRILLIC  (RUSSIAN)  ALPHABET 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/1) 

(2/0) 

20 

Space 

(*  =  ASCII 

*) 

(3/1) 

(2/1) 

-- 

(3/1) 

(2/2) 

-- 

(3/1) 

(2/3) 

BB 

Uppercase 

*E* 

(3/1) 

(2/4) 

BC 

Uppercase 

*YA* 

(3/1) 

(2/5) 

BD 

Uppercase 

’SHOT 

(3/1) 

(2/6) 

BE 

Uppercase 

Soft  Sign 

(3/1) 

(2/7) 

BF 

Uppercase 

Hard  Sign 

(3/1) 

(2/8) 

_  __ 

(3/1) 

(2/9) 

— 

(3/1) 

(2/10) 

E0 

Lowercase 

*  i  kratkoya*  ('yy*) 

(3/1) 

(2/11) 

CO 

Uppercase 

’I  Kratkoya*  (*YY*) 

(3/1) 

(2/12) 

2C 

Comna 

(*  =  ASCII 

*) 

(3/1) 

(2/13) 

2D 

Hyphen,  Minus  (*  =  ASCII 

*) 

(3/1) 

(2/14) 

2E 

Period 

(*  =  ASCII 

*) 

(3/1) 

(2/15) 

2F 

Slash 

(*  =  ASCII 

*) 

(3/1) 

(3/0) 

— 

(3/1) 

(3/1) 

-- 

(3/1) 

(3/2) 

-- 

(3/1) 

(3/3) 

DB 

Lowercase 

*  e  ’ 

(3/1) 

(3/4' 

DC 

Lowercase 

*ya* 

(3/1) 

(3/5) 

DD 

Lowercase 

’shch* 

(3/1) 

(3/6) 

DE 

Lowercase 

soft  sign 

(3/1) 

(3/7) 

DF 

Lowercase 

hard  sign 

(3/1) 

(3/8) 

-- 

(3/1) 

(3/9) 

-- 

(3/1) 

(3/10) 

3A 

Colon 

(*  =  ASCII 

*1 

(3/1) 

(3/11) 

3B 

Semicolon 

(*  =  ASCII 

*i 

(3/1) 

(3/12) 

3C 

Less  Than 

(*  =  ASCII 

*) 

(3/1) 

(3/13) 

3D 

Equal 

(*  =  ASCII. 

*) 

(3/1) 

(3/14) 

3E 

Greater  Than  (*  =  ASCII 

*) 

(3/1) 

(3/15) 

3F 

Question  Mark  (*  =  ASCII 

*) 

FONT  ENCODING  SCHEME 
Cyrillic  (Russian)  Alphabet 


TABLE  D-2  (cont.) 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/1)  (4/0) 

— 

(3/1)  (4/1) 

Cl 

Uppercase  ’A’ 

(3/1)  (4/2) 

C2 

Uppercase  'B' 

(3/1)  (4/3) 

C3 

Uppercase  'CH' 

(3/1)  (4/4) 

C4 

Uppercase  'D' 

(3/1)  (4/5) 

C5 

Uppercase  'YE' 

(3/1)  (4/6) 

C6 

Uppercase  'F' 

(3/1)  (4/7) 

C7 

Uppercase  *G' 

(3/1)  (4/8) 

C8 

Uppercase  'YU' 

(3/1)  (4/9) 

C9 

Uppercase  *YI' 

(3/1)  (4/10) 

CA 

Uppercase  'ZH' 

(3/1)  (4/11) 

CB 

Uppercase  'K' 

(3/1)  (4/12) 

CC 

Uppercase  'L' 

(3/1)  (4/13) 

CD 

Uppercase  'M' 

(3/1)  (4/14) 

CE 

Uppercase  'N' 

(3/1)  (4/15) 

CF 

Uppercase  *0' 

(3/1)  (5/0) 

DO 

Uppercase  'P' 

(3/1)  (5/1) 

D1 

Uppercase  'TS' 

(3/1)  (5/2) 

D2 

Uppercase  'R' 

(3/1)  (5/3) 

D3 

Uppercase  'S' 

(3/1)  (5/4) 

D4 

Uppercase  'T' 

(3/1)  (5/5) 

D5 

Uppercase  'U' 

(3/1)  (5/6) 

D6 

Uppercase  'V' 

(3/1)  (5/7) 

D7 

Uppercase  'SH' 

(3/1)  (5/8) 

D8 

Uppercase  'X' 

(3/1)  (5/9) 

D9 

Uppercase  'I' 

(3/1)  (5/10) 

DA 

Uppercase  'Z' 

(3/1)  (5/11) 

5B 

Left  Bracket  (*  =  ASCII  *) 

(3/1)  (5/12) 

-- 

(3/1)  (5/13) 

5D 

Right  Bracket  (*  =  ASCII  *) 

(3/1)  (5/14) 

-- 

(3/1)  (5/15) 

—  *“ 

i 

_ 1 

FONT  ENCODING  SCHEME 
Cyrillic  (Russian)  Alphabet 


TABLE  D-2  (cont. ) 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/1)  (6/0) 

_ 

(3/1)  (6/1) 

El 

Lowercase  ’a’ 

(3/1)  (6/2) 

E2 

Lowercase  'b* 

(3/1)  (6/3) 

E3 

Lowercase  ’  ch‘ 

(3/1)  (6/4) 

E4 

Lowercase  '  d* 

(3/1)  (6/5) 

E5 

Lowercase  ’ye* 

(3/1)  (6/6) 

E6 

Lowercase  ’f1 

(3/1)  (6/7) 

E7 

Lowercase 

(3/1)  (6/8) 

E8 

Lowercase  ,yuf 

(3/1)  (6/9) 

ES 

Lowercase  fyi ’ 

(3/1)  (6/10) 

EA 

Lowercase  ‘2h' 

(3/1)  (6/11) 

EB 

Lowercase  ’k’ 

(3/1)  (6/12) 

EC 

Lowercase  *  1* 

(3/1)  (6/13) 

ED 

Lowercase  ’m’ 

(3/1)  (6/14) 

EE 

Lowercase  'n* 

(3/1)  (6/15) 

EF 

Lowercase  ’o’ 

(3/1)  (7/0) 

F0 

Lowercase  ’  p' 

(3/1)  (7/1) 

FI 

Lowercase  *  ts' 

(3/1)  (7/2) 

F2 

Lowercase  ’  r’ 

(3/1)  (7/3) 

F3 

Lowercase  ’s' 

(3/1)  (7/4) 

F4 

Lowercase  ’  t’ 

(3/1)  (7/5) 

F5 

Lowercase  ’u1 

(3/1)  (7/6) 

F6 

Lowercase  *v’ 

(3/1)  (7/7) 

F7 

Lowercase  ’sh' 

(3/1)  (7/8: 

F8 

Lowercase  ’x’ 

(3/1)  (7/9) 

F9 

Lowercase  ’  i 1 

(3/1)  (7/10) 

FA 

Lowercase  ’z' 

(3/1)  (7/11) 

— 

(3/1)  (7/12) 

— 

(3/1)  (7/13) 

— 

(3/1)  (7/14) 

— 

(3/1)  (7/15) 

" 
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PONT  ENCODING  SCHEME 
Special  Symbols 


TABLE  D-3 
SPECIAL  SYMBOLS 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

( 3 ' 2 )  (2/0) 

20 

(3/2)  (2/1) 

IB 

(3/2)  (2/2) 

1C 

(3/2)  (2/3) 

ID 

(3/2)  (2/4) 

IE 

(3/2)  (2/5) 

25 

(3/2)  (2/6) 

IF 

(3/2)  (2/7) 

27 

(3/2)  (2/8) 

28 

(3/2)  (2/9) 

29 

(3/2)  (2/10) 

FC 

(3/2)  (2/11) 

2B 

(3/2)  (2/12) 

2C 

(3/2)  (2/13) 

2D 

(3/2)  (2/14) 

2E 

(3/2)  (2/15) 

7C 

(3/2)  (3/0) 

30 

(3/2)  (3/1) 

31 

(3/2)  (3/2) 

32 

(3/2)  (3/3) 

33 

(3/2)  (3/4) 

34 

(3/2)  (3/5) 

35 

(3/2)  (3/6) 

36 

(3/2)  (3/7) 

n  n 

0  t 

(3/2)  (3/8) 

38 

(3/2)  (3/9) 

39 

(3/2)  (3/10) 

3A 

(3/2)  (3/11) 

FE 

(3/2)  (3/12) 

3C 

(3/2)  (3/13) 

3D 

(3/2)  (3/14) 

3E 

(3/2)  (3/15) 

B9 

LETTER  CHI 
SYMBOL 


Space 

(*  =  ASCII 

*) 

Percent  i  le 

Integral 

Defined  Equal 

Minus  or  Plus 

Percent 

(*  =  ASCII 

*) 

Radical 

Apostrophe 

(*  =  ASCII 

*) 

Left  Parenthesis 

(*  =  ASCII 

*) 

Right  Parenthesis 

(*  =  ASCII 

») 

Plus  or  Minus 

Plus 

(*  =  ASCII 

») 

Corrma 

(•  =  ASCII 

*) 

Hyphen,  Minus 

(*  =  ASCII 

*) 

Period 

( *  =  ASCI I 

*) 

Vertical  Bar 

(*  Redundant  * 

Zero 

(*  =  ASCII 

*) 

One 

(*  =  ASCII 

*> 

Two 

(*  =  ASCII 

•) 

Three 

(*  =  ASCII 

*> 

Four 

(*  =  ASCII 

*) 

Five 

(*  =  ASCII 

*) 

Six 

(*  =  ASCII 

*) 

Seven 

(*  =  ASCII 

*) 

Eight 

( *  =  ASCI I 

*) 

Nine 

(*  =  ASCII 

*) 

Colon 

(*  =  ASCII 

*) 

Not  Equal 

Less  Than 

(*  =  ASCII 

*) 

Equal 

(•  =  ASCII 

*) 

Greater  Than 

(*  =  ASCII 

*) 

Partial  Derivative 

FONT  ENCODING  SCHEME 
Special  Symbols 


TABLE  D-3  (cont . ) 


V-  .  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/2)  (4/0) 
(3/2)  (4/1) 

01 

Superior  Dash 

(3/2)  (4/2) 

02 

Equivalent  Identity 

(3/2)  (4/3) 

03 

Boolean  Intersection 

(3/2)  (4  '4) 

04 

Superior  Left  Arrow 

(3/2)  (4/5) 

05 

Superior  ’3’ 

(3/2)  (4/6) 

06 

Parallel 

(3/2)  (4/7) 

07 

Script  *  1  * 

(3/2)  (4/8) 

08 

Danish  'A'  (Angstrom  unit) 

Superior  '8' 

(3/2)  (4/9) 

09 

(3/2)  (4/10) 

0A 

Inverted  Delta  (’DEL'  operator) 

(3/2)  (4/11) 

0B 

Equal  To  or  Less  Than 

(3/2)  (4/12) 

OC 

Equal  To  or  Greater  Than 

(3/2)  (4/13) 

40 

Left  Arrow 

(3/2)  (4/14) 

0E 

Right  Arrow 

(3/2)  (4/15) 

OF 

Superior  ’9’ 

(3/2)  (5/0) 

10 

Superior  ’0’ 

(S/2)  (5/1) 

1  « 

Superior  '1* 

(3/2)  (5/2) 

12 

Superior  '4' 

(3/2)  (5/3) 

13 

Superior  Right  Arrow 

Superior  '5' 

(3/2)  (5/4) 

14 

C  '?)  (5/5) 

15 

Superior  '7' 

( ' / 2 )  (5/6) 

16 

Boolean  Union 

,3/2)  (5/7) 

17 

Superior  ’2’ 

(3/2)  (5/8) 

18 

Boolean  Such-That 

(3/2)  (5/9) 

19 

Superior  ’6’ 

(3/2)  (5/10) 

1A 

Boolean  Element-Of 

(3/2)  (5/11) 

53 

Left  Bracket  (*  =  ASCII  *) 

(3/2)  ,5/12) 

-- 

(3/2)  (5/13) 

5D 

Right  Bracket  (*  =  ASCII  *) 

(3/2)  (5/14) 
(3/2)  (5/15) 

-- 
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FONT  ENCODING  SCHEME 
Special  Symbols 


TABLE  D-3  (cont.) 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

--  ----  -  - 

(3/2)  (6/0) 

(3/2)  (6/1) 

81 

Inferior  Dash 

(3/2)  (6/2) 

82 

Congruent  To 

(3/2)  (6/3) 

83 

Similar  To 

(3/2)  (6/4) 

84 

Inferior  Perpendicular 

(3/2)  (6/5) 

85 

Inferior  ’3’ 

(3/2)  (6/6) 

86 

Alternate  Script  ' 1 • 

(3/2)  (6/7) 

87 

Perpendicular 

(3/2)  (6/8) 

88 

Dot  Product 

(3/2)  (6/9) 

89 

Inferior  *8’ 

(3/2)  (6/10) 

8A 

Cross  Product 

(3/2)  (6/11) 

8B 

Less  Than  or  Equal  To 

(3/2)  (6/12) 

8C 

Greater  Than  or  Equal 

(3/2)  (6/13) 

8D 

Inf  ini ty 

(3/2)  (6/14) 

8E 

Degree 

(3/2)  (6/15) 

8F 

Inferior  *9' 

(3/2)  (7/0) 

90 

Inferior  '0* 

(3/2)  (7/1) 

91 

Inferior  ’1' 

(3/2)  (7/2) 

92 

Inferior  '4' 

(3/2)  (7/3) 

93 

Inferior  Parallel 

(3/2)  (7/4) 

94 

Inferior  ’5’ 

(3/2)  (7/5) 

95 

Inferior  *7’ 

(3/2)  (7/6) 

96 

Approximately  Equal  To 

(3/2)  (7/7) 

97 

Inferior  1 2 ’ 

(3/2)  (7/8) 

98 

Boolean  Contains 

(3/2)  (7/9) 

99 

Inferior  ’6: 

(3/2)  (7/10) 

9A 

Boolean  Is-Contained-In 

(3/2)  (7/11) 

-- 

(3/2)  (7/12) 

-- 

(3/2)  (7/13) 

-- 

(3/2)  ( 7  /  jl  4 ) 

-- 

(3/2)  (7/15) 

"" 

. 
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FONT  ENCODING  SCHEME 
Greek  Alphabet 


TABLE  D-4 
GREEK  ALPHABET 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/3) 

(2/0) 

20 

Space 

(* 

= 

ASCII 

*) 

(3/3) 

(2/1) 

21 

Exclamation  Point 

(* 

= 

ASCII 

*) 

(3/3) 

(2/2) 

22 

Quotation  Mark 

(* 

= 

ASCII 

*) 

(3/3) 

(2/3) 

-- 

(3/3) 

(2/4) 

(3/3) 

(2/5) 

25 

Percent 

(* 

= 

ASCII 

*) 

(3/3) 

(2/6) 

-- 

(3/3) 

(2/7) 

27 

Apostrophe 

(* 

= 

ASCII 

*) 

(3/3) 

(2/8) 

28 

Left  Parenthesis 

(* 

ASCII 

*) 

(3/3) 

(2/9) 

29 

Right  Parenthesis 

(* 

ASCII 

*) 

(3/3) 

(2/10) 

2A 

Aster i sk 

(* 

= 

ASCII 

*) 

(3/3) 

(2/11) 

2B 

Plus 

(* 

= 

ASCII 

*) 

(3/3) 

(2/12) 

2C 

Coruna 

(* 

= 

ASCII 

*) 

(3/3) 

(2/13) 

2D 

Hyphen,  Minus 

(* 

= 

ASCII 

*) 

(3/3) 

(2/14) 

2E 

Period 

(* 

= 

ASCII 

*) 

(3/3) 

(2/15) 

2F 

Slash 

(* 

ASCII 

*) 

(3/3) 

(3/0) 

30 

Zero 

(* 

s 

ASCII 

*) 

(3/3) 

(3/1) 

31 

One 

(* 

= 

ASCII 

*) 

(3/3) 

(3/2) 

32 

Two 

(* 

= 

ASCII 

*) 

(3/3) 

(3/3) 

33 

Three 

(* 

ASCI  I 

*) 

(3/3) 

(3/4) 

34 

Four 

(* 

= 

ASCII 

*) 

(3/0 

(3/5) 

35 

Five 

(* 

= 

ASCII 

*) 

(3/3) 

(3/6) 

36 

Six 

(* 

= 

ASCII 

*) 

(3/3) 

(3/7) 

37 

Seven 

(* 

= 

ASCI  I 

*) 

(3/3) 

(3/81 

38 

Eight 

(* 

= 

ASCII 

*) 

(3/3) 

(3/9) 

39 

Nine 

(* 

= 

ASCII 

*) 

(3/3) 

(3/10) 

3A 

Colon 

(* 

= 

ASCII 

*) 

(3/3) 

(3/11) 

3B 

Semicolon 

(* 

= 

ASCII 

*) 

(3/3) 

(3/12) 

3C 

Less  Than 

(* 

= 

ASCII 

O 

(3/3) 

(3/13) 

3D 

Equal 

(* 

= 

ASCII 

*) 

(3/3) 

(3/14) 

3E 

Greater  Than 

(* 

= 

ASCII 

*) 

(3/3) 

(3/15) 

3F 

Question  Mark 

(* 

= 

ASCII 

*) 

FONT  ENCODING  SCHEME 
Greek  Alphabet 


TABLE  D-4  (cont.) 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/3) 

(4/0) 

-  — 

(3/3) 

(4/1) 

41 

Uppercase  ALPHA 

(* 

= 

ASCI  I 

A 

*) 

(3/3) 

(4/2) 

42 

Uppercase  BETA 

(* 

= 

ASCII 

B 

*) 

(3/3) 

(4/3) 

58 

Uppercase  CHI 

(* 

= 

ASCII 

X 

*) 

(3/3) 

(4/4) 

5C 

Uppercase  DELTA 

(3/3) 

(4/5) 

45 

Uppercase  EPSILON 

(* 

= 

ASCII 

E 

*) 

(3/3) 

(4/6) 

5E 

Uppercase  PHI 

(3/3) 

(4/7) 

5F 

Uppercase  GAMMA 

(3/3) 

(4/8) 

48 

Uppercase  ETA 

(* 

= 

ASCII 

H 

*) 

(3/3) 

(4/9) 

49 

Uppercase  IOTA 

(* 

= 

ASCII 

I 

*) 

(3/3) 

(4/10) 

60 

Uppercase  PSI 

(3/3) 

(4/11) 

4B 

Uppercase  KAPPA 

(* 

= 

ASCII 

K 

*) 

(3/3) 

(4/12) 

7E 

Uppercase  LAMBDA 

(3/3) 

(4/13) 

4D 

Uppercase  MU 

(* 

= 

ASCII 

M 

*) 

(3/3) 

(4/14) 

4E 

Uppercase  NU 

(* 

= 

ASCII 

N 

*) 

(3/3) 

(4/15) 

7F 

Uppercase  OMEGA 

(3/3) 

(5/0) 

9B 

Uppercase  PI 

(3/3) 

(5/1) 

FD 

Lowercase  terminal 

s  igma 

(3/3) 

(5/2) 

50 

Uppercase  RHO 

(* 

ASCII 

P 

*) 

(3/3) 

(5/3) 

9C 

Uppercase  SIGMA 

(3/3) 

(5/4) 

54 

Uppercase  T4U 

(* 

ASCII 

T 

*) 

(3/3) 

(5/5) 

9D 

Uppercase  UPSILON 

(3/3) 

(5/6) 

9E 

Uppercase  THETA 

(3/3) 

(5/7) 

4F 

Uppercase  OMICRON 

(* 

= 

ASCII 

O 

*) 

(3/3) 

(5/8) 

9F 

Uppercase  XI 

(3/3) 

(5/9) 

-- 

(3/3) 

(5/10) 

5A 

Uppercase  ZETA 

(* 

= 

ASCII 

Z 

*) 

(3/3) 

(5/11) 

5B 

Left  Bracket 

(* 

= 

ASCI  I 

*) 

(3/3) 

(5/12) 

-- 

(3/3) 

(5/13) 

5D 

Right  Bracket 

(* 

= 

ASCII 

*) 

(3/3) 

(5/14) 

-- 

(3/3) 

(5/15) 

— 
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FONT  ENCODING  SCHEME 
Greek  Alphabet 


TABLE  D-4  (cont.) 


INF.  INTER. 
CODE 

(1st)  (2nd) 

FTD 

CODE 

LETTER  OR 

SYMBOL 

(3/3)  (6/0) 

— 

(3/3)  (6/1) 

A1 

Lowercase  alpha 

(3/3)  (6/2) 

A2 

Lowercase  beta 

(3/3)  (6/3) 

A3 

Lowercase  chi 

(3/3)  (6/4) 

A4 

Lowercase  delta 

(3/3)  (6/5) 

A5 

Lowercase  epsilon 

(3/3)  (6/6) 

A6 

Lowercase  phi 

(3/3)  (6/7) 

A7 

Lowercase  gamma 

(3/3)  (6/8) 

A8 

Lowercase  eta 

(3/3)  (6/9) 

A9 

Lowercase  iota 

(3/3)  (6/10) 

AA 

Lowercase  ps i 

(3/3)  (6/11) 

AB 

Lowercase  kappa 

(3/3)  (6/12) 

AC 

Lowercase  lambda 

(3/3)  (6/13) 

AD 

Lowercase  mu 

(3/3)  (6/14) 

AE 

Lowercase  nu 

(3/3)  (6/15) 

AF 

Lowercase  omega 

(3/3)  (7/0) 

BO 

Lowercase  pi 

(3/3)  (7/1) 

B1 

Lowercase  cursive  theta 

(3/3)  (7/2) 

B2 

Lowercase  rho 

(3/3)  (7/3) 

B3 

Lowercase  sigma 

(3/3)  (7/4) 

B4 

Lowercase  tau 

(3/3)  (7/5) 

B5 

Lowercase  ups i Ion 

(3/3)  (7/6) 

B6 

Lowercase  theta 

(3/3)  (7/7) 

B7 

Lowercase  omicron 

(3/3)  (7/8) 

B8 

Lowercase  xi 

(3/3)  (7/9) 

-- 

(3/3)  (7/10) 

BA 

Lowercase  zeta 

(3/3)  (7/11) 

-- 

(3/3)  (7/12) 

__ 

(3/3)  (7/13) 

-- 

(3/3)  (7/14) 

-- 

(3/3)  (7/15) 

*• 
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APPENDIX  E 
GRAF  IX  I 


The  GRAFIX  I  system  is  designed  to  automatically  read 
hand-printed  documents  or  printed  pages  and  convert  the 
information  into  a  form  which  can  be  read,  manipulated  and 
accessed  within  a  high-speed  computer.  GRAFIX  I  is 
especially  well  suited  to  reading  large  volumes  of  material 
quickly  and  economically,  bypassing  the  lengthy  and  costly 
process  of  entering  the  information  by  hand. 

In  its  simplest  form  this  process  is  accomplished  by 
photographing  the  written  or  printed  material  on  microfilm 
and  loading  the  microfilm  into  the  GRAFIX  I  scanner.  The 
scanner  electronically  examines  the  film  and  produces  a 
digital  "picture"  of  the  printed  page.  Within  the  GRAFIX  I 
computer  this  digital  image  is  closely  examined.  Each 
individual  letter  is  isolated  and  identified  by  the  computer 
software,  and  the  recognized  letter  is  written  into  a  data 
file.  This  is  the  process  of  optical  character  recognition, 
which  converts  the  digital  image  of  a  page  of  print  into  a 
digital  file  of  letters  within  the  computer. 

Of  course  GRAFIX  I  is  not  infallible.  When  reading 
hand-written  material  the  computer  has  difficulty  with  one 
to  five  letters  out  of  every  hundred  and  needs  the  help  of  a 
human  operator.  Many  times  on  hand-written  forms  we  humans 
get  careless,  writing  B's  that  look  like  8’s,  G’s  that 
resemble  6’s,  5’s  which  look  like  S’s,  and  D5s  that  are  hard 
to  distinguish  from  O's.  It  takes  another  human  to  sort  out 
these  confusing  images.  Even  on  printed  pages  GRAFIX  I 
occasionally  sees  images  it  doesn’t  recognize,  such  as 
smudged,  broken  or  lightly  printed  letters,  flyspecs,  tea 
stains,  and  flaws  in  the  paper.  GRAFIX  I  asks  for  human 
help  on  5%  or  fewer  of  the  letters  from  a  printed  page.  On 
especially  clear  print  the  reject  rate  can  be  below  1%. 


GRAF IX  I 


GRAFIX  I  obtains  human  assistance  in  recognizing  difficult 
characters  through  the  reject  conversion  system.  The 
computer  displays  the  actual  picture  of  the  image  it  cannot 
identify  to  a  human  operator  (using  a  computer  terminal  TV 
screen).  One  of  the  significant  advantages  of  the  GRAFIX  1 
system  is  that  this  image  is  displayed  in  various  shades  of 
gray,  a  feature  which  adds  more  fine  detail  to  the  image 
than  was  the  case  with  earlier  binary  (black/white) 
displays.  The  operator  reads  the  line  of  print  in  which  the 
troublesome  letter  appears,  examines  the  TV  image  of  the 
letter  itself,  and  types  in  the  correct  identification  of 
the  letter.  (To  double-check,  GRAFIX  I  can  be  instructed  to 
display  the  same  difficult  letter  to  two  operators  in 
succession  to  see  if  they  identify  the  image  the  same  way.) 

When  all  troublesome  letters  on  the  page  have  been  correctly 
identified,  GRAFIX  I  writes  the  completed  data  file  on  a 
reel  of  magnetic  tape  for  permanent  storage.  GRAFIX  I 
writes  the  output  tape  in  a  code  which  can  be  read  by  other 
computers,  making  the  recorded  information  available  for 
general  distribution  and  use. 

In  feasibility  studies,  Information  International  has 
demonstrated  the  GRAFIX  I's  ability  to  read  a  very  wide 
range  of  material  including  technical  manuals,  telephone 
directories,  legal  documents,  typewritten  or  hand- let  ter ed 
forms,  and  materials  written  in  foreign  languages. 

The  GRAFIX  I  is  currently  in  use  by  the  US  Navy  and  by  the 
British  Department  of  Health  and  Social  Security  (DKSS). 
The  US  Navy  uses  GRAFIX  I  in  combination  with  Information 
International's  COMp83  system  to  scan,  update,  reformat  and 
republish  technical  manuals  for  .aval  aircrcft.  The  Navy 
has  about  17,000  such  manuals  which  must  be  continually  kept 
up  to  date.  Prior  to  the  use  of  GRAFIX  I,  revision  and 
republ i eat  ion  of  a  manual  usually  required  6  to  18  months  of 
effort.  With  GRAFIX  I  and  COMpSO,  however,  the  time 
required  to  process  an  average  manual  has  been  cut  to  60 
days.  In  the  case  of  a  critical  revision,  the  Navy  can 
revise,  republish  and  distribute  several  hundred  copies  of  a 
manual  in  as  little  as  48  hours. 

The  British  Department  of  Health  and  Social  Security  uses 
GRAFIX  I  to  read  handprinted  forms  written  by  the 
Department's  1400  clerks.  GRAFIX  I  reads  the  torms 
exceptionally  well,  rejecting  less  than  1%  of  the 
characters.  This  is  particularly  significant  because  the 
forms  are  filled  out  using  mixed  alphanumeric  characters 


GRAFIX  I 


which  do  not  require  special  training  or  strict  quality 
control  on  the  part  of  the  clerks 

An  upgrade  of  the  DHSS  GRAFIX  I  system  is  in  progress  which 
will  give  the  system  the  capability  of  reading  pages  from 
the  British  Library!s  General  Katalog  III  (GK3).  The  GK3  is 
an  index  to  approximately  six  million  books  dating  back  to 
the  15th  century.  The  GK3  index  represents  a  special 
example  of  the  abilities  of  the  GRAFIX  I  because  it  involves 
optical  character  recogni tion  of  25  different  fonts, 
including  Roman,  Cyrillic,  Greek  and  italicized  letters. 

In  the  future,  Information  International  expects  the 
GRAFIX  I  to  prove  capable  of  reading  engineering  and 
architectural  drawings,  biomedical  cell  counting  and 
chromosome  analysis,  automatic  inspection  of  industrial 
X-rays,  automated  analysis  and  matching  of  fingerprints,  and 
many  other  tasks.  The  versatility  of  the  GRAFIX  I  system 
has  only  begun  to  be  realized. 
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APPENDIX  F 

ESTIMATED  COST  FOR  A  COMPLETE  PRODUCTION  SYSTEM 


F.l  HARDWARE 

A  complete  production  GRAFIX  I  hardware  configuration  which 
is  functionally  equivalent  to  the  one  demonstrated  is 
outlined  below,  with  prices.  The  actual  differences  between 
the  listed  hardware  and  the  demonstrated  hardware  are: 


1.  The  proposed  system  has  two  disc  drives  (as  opposed 
to  three  on  the  system  used  in  the  demonstration) . 
The  demonstration  required  significantly  less  disc 
capacity  than  was  present  on  the  system. 

2.  The  proposed  system  would  contain  a  single  scanner, 
a  single  CPU,  and  a  single  binary  image  processor. 
The  system  demonstrated  had  two  of  each.  During 
the  demonstration,  only  one  of  each  was  actually  in 
use. 

3.  The  proposed  system  would  include  two  tape  drives, 
capable  of  writing  710-byte  records.  The  system 
demonstrated  had  tape  drives  which  were  incapable 
of  writing  710-byte  records.  An  additional 
off-line  tape  drive  was  used  to  convert  the  tape 
off-loaded  from  the  GRAFIX  I  into  the  710-byte 
format  required  by  FTD.  In  the  proposed  system,  a 
single  tape  drive  capable  of  writing  710-byte 
records  would  be  sufficient  for  this  off-loading. 
The  second  drive  is  useful  for  backup  and  tape 
copying. 


ESTIMATED  COSTS 
Hardware 


4.  The  proposed  system  would  contain  only  two  model 
1070  time-sharing  terminals  for  operation  of  the 
system  versus  six  on  the  system  demonstrated.  A 
large  number  of  terminals  on  the  demonstrated 
system  are  used  for  in-house  development.  Only  two 
were  used  during  the  demonstration. 

5.  The  proposed  system  will  have  slightly  different, 
but  functionally  identical,  keyboards  for  reject 
re-entry.  The  new  keyboards  are  more  durable  and 
more  attractively  packaged. 

6.  The  proposed  system  will  have  five  reject 
conversion  CRT's  which  display  images  identical  to 
those  demonstrated,  but  which  are  capable  of 
displaying  24  lines  of  text  (as  opposed  to  20  lines 
in  the  demonstration  equipment) .  Also,  the 
proposed  CRT's  will  be  mounted  on  stands,  making 
them  more  durable  and  convenient  than  those  used  in 
the  demonstration. 


The  cost  estimate  for  this  hardware  is  as  follows: 


1.  Model  7001  GRAFIX  I  Basic  System  $1,750,000 

Includes: 

a.  Central  processor  with  128K  words  of 
core  memory  (1  u-sec) 

b.  Magnetic  Tape  Control  plus  two  (2)  1600 
bpi  240KC  drives 

c.  Binary  Information  Processing  Subsystem 

d.  Optical/Mechanical  Subsystem  including 
35mm  Film  Transport  and  Signal 
Processing  Subsystem 

e.  Teleprinter 
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Hardware 


2.  Model  7031  Disc  System  Controller  $62,500 

3.  Model  7032  Disc  Drive  10  mil, 

36-bit  words.  Two  (2)  at  $30,500  61,000 

4.  Model  1070  Display  Terminal, 

Two  (2)  at  $9,500  19,000 

5.  Model  1060B  Reject  Processing  System 

Controller  107,000 

6.  Model  1061B  Reject  Terminal, 

Five  (5)  at  $11,500  57,000 

7.  Model  7002  Time  Shared  System  including 

additional  64K  core  memory  225,000 

8.  (No  model  No.)  Line  Printer,  600  LPM, 

96  Characters,  with  Controller  59,500 


TOTAL  =  $2,341,000 


F .  2  SOFTWARE 

The  cost  of  the  applications  software,  as  described  in  this 
study  and  as  demonstrated,  is  included  in  the  actual 
hardware  price. 


F.3  MANPOWER  REQUIREMENTS 

Five  reject  conversion  operators  will  be  required  if  reject 
conversion  and  reading  were  to  take  place  one  shift  per  day 
at  the  actual  demonstrated  throughput  and  total  reject  rate. 
The  demonstrated  throughput  was  864,000  characters  per 
8-hour  shift.  Of  the  44,504  characters  actually  read  during 
the  demonstration,  4,590  were  rejected  for  various  reasons. 
In  actual  production,  reject  conversion  operators  typically 


ESTIMATED  COSTS 
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key  2,400  characters  per  hour.  From  this  it  may  be  derived 
that  4.6  operators  would  be  required  operating  one  shift  to 
clear  all  rejects  generated  by  one  shift  of  GRAFIX  I 
operation. 

In  addition  to  the  reject  conversion  operators,  one  system 
operator  would  be  required  full  time  for  each  shift  of 
operation  of  the  GRAFIX  I,  and  a  microfilm  camera  operator 
would  be  required  one-fourth  time  for  each  shift  of 
operation. 


F. 4  ENHANCEMENTS 

Ongoing  development  of  the  GRAFIX  I  system  is  likely  to 
result  in  throughput  of  Cyrillic  text  being  increased  by  a 
factor  of  three  to  approximately  100  characters  per  second. 
There  will  be  no  additional  charge  for  this  increased 
performance  as  it  would  be  a  feature  of  the  standard 
software.  In  the  event  that  recognition  software  had  three 
times  the  throughput  realized  in  the  April  18,  1979 
demonstration,  then  three  times  as  many  reject  conversion 
terminals  and  three  times  as  much  reject  conversion  and 
filming  manpower  would  be  required. 

Ongoing  development  may  also  lower  the  system's  reject  and 
substitution  rates  on  Cyrillic  material.  Again,  there  would 
be  no  additional  charge  for  this  increased  performance.  A 
reduction  of  the  reject  rate  by  a  given  percentage  would 
result  in  the  reduction  of  the  necessary  reject  conversion 
personnel  by  the  same  percentage. 

Software  created  to  more  fully  address  a  broader  range  of 
Cyrillic  text  reading  applications  would  be  available 
subject  to  a  detailed  specification  of  expected  performance 
on  a  broad  sample  of  representative  material.  The  cost  for 
such  software  development  will  be  dependent  on  this 
performance  specification. 
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MISSION 

of 

Rome  Air  Development  Center 

RAVC  plam  and  execute*  a 2Ae.an.ch,  development,  tut  and 
selected  acquisition  programs  in  support  oi  Commond,  Control 
Communications  and  Intelligence  (C%)  activities.  Technical 
and  engineering  support  within  areas  oi  technical  competence 
u  provi  Jcd  to  ESV  Vh.ogn.am  OUices  ( POs )  and  othen  BSD 
elements.  The  phincipal  technical  mission  areas  axe 
communications,  electromagnetic  guidance  and  contxol,  sur¬ 
veillance  oi  gxound  and  aerospace  objects,  intelligence  data 
collection  and  handling,  information  system  technology, 
ionospheric  propagation,  solid  state  sciences,  microuxive 
pnysics  and  electronic  reliability,  maintainability  and 
compatibility. 


